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SUMMARY 
Screening of 159 germplasm collections available in the National Gene 
Bank of Medicinal and Aromatic Plants at Central Institute of Medicinal and 
Aromatic Plants (CIMAP), Lucknow was carried out under field and glasshouse 
conditions to identify new resistance sources for damping-off caused by Pythium 
dissotocum. In field experiments the disease incidence was not found to be uniform 
under the natural inoculum conditions. However, differential reactions for 
damping-off among the genotypes under field conditions could be observed which 
were more or less consistent over different years of screening. In glasshouse 
experiments modified screening method of Sattar et al. (1995) was used where 
inoculations with homogenized com meal sand culture were found to be easy and 
successful in differentiating the genotypes. The seedlings of all the accessions were 
inoculated with this inoculum at 2 - 3 leaf stage and distinct differences into 
resistant and susceptible reaction types could be observed. The results of initial 
screening of 159 accessions of opium poppy which included commercial varieties, 
elite selections, morphologically distinct inbred lines, mutants and some 
introductions from Rajasthan, Madhya Pradesh and Thailand for damping-off 
during 1996 - 97 season in field and glasshouse conditions showed wide 
differences is disease reactions. Although three accessions viz. (1-14, Ib-38 and M-
488) were found resistant in field screening but under glasshouse conditions only 
two (Ib-38 and M-488) gave resistant reactions. Four tolerant accessions (T-210-5, 
T-850, Rakhsit and Shakti) were found in field screening but during the glasshouse 
screening tests ten tolerant accessions (1-14, Ib-57, N-3, S-373, S-383, SPS-49, T-
210-5, T-850, Rakshit and Shweta Broad) were identified. The number of 
susceptible and highly susceptible accessions also differed under both the 
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environments as in field, 98 accessions were found susceptible and 54 highly 
susceptible. However, under glasshouse conditions there were 58 susceptible and 
89 highly susceptible genotypes. In earlier reports of screening of opium poppy 
germplasm accessions for damping-off (Sattar et al. 1995), three accessions 
(Ib-20, Ib-38 and CD-31) were found to be resistant both under field and 
glasshouse screening. However, in our results Ib-20 and CD-31 have been found to 
be highly susceptible, though, I b - 3 8 was consistantly found to be resistant both 
under field and glasshouse conditions. Besides, Ib-38, a new resistance source M-
488 has been identified which has not been reported earlier. A wide variability was 
observed among the 159 accessions for seed yield per plant during 1996-97 crop 
season. However, only 66 samples could be analyzed for morphine content for 
which again a wide variability was observed. 
Out of the 159 diverse accessions of opium poppy, 35 accessions were 
selected on the basis of disease reactions for damping-off, seed yield per plant and 
morphine content in straw, which were then evaluated in replicated trials both 
under field and glasshouse conditions for reactions to damping-off during 1997-98 
season. The same two accessions Ib-38 and M-488 which were found resistant 
under glasshouse screening of previous season were again found resistant under 
glasshouse as well as field conditions for damping-off reactions. There was some 
variation in disease reactions under glasshouse and field conditions as only five 
accessions (1-14, T-120-5, T-850, T-852 and Rakshit) were found tolerant under 
glasshouse screening, whereas six accessions (1-14, Ib-57, N-3, T-210-5, T-850 
and Rakshit) were found tolerant in field conditions. In field screening as many as 
15 accessions were graded as susceptible and 12 as highly susceptible. However, 
under glasshouse conditions 18 accessions were found susceptible and 10 were 
highly susceptible. These results indicated that while there were distinct reaction 
types of different categories in glasshouse as well as in field screening, 27 
accessions out of the total selected 35 accessions gave similar types of disease 
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reactions in both the environments irrespective of natural conditions in field and 
artificial conditions in glasshouse. 
Only 8 accessions (H-9, Ib-57, N-3, P-144, P-165, SPS-49, T-852 and 
T-854) gave different reactions in both the conditions which might be attributed to 
the varied environmental conditions that influence disease symptoms and inoculum 
load which leads to the lack of uniform infection as suggested by Salgado (1995) 
in the screening of beans against F. oxysporum under field and glasshouse 
conditions. 
However, statistically highly significant correlation was observed for the 
screening under field and glasshouse conditions indicating that field surveys under 
natural inoculum conditions may be undertaken for identification of resistance 
sources which might show similar reactions for damping-off under artificial 
epiphytotic conditions. 
Analysis of variance for all the 16 characters (Plant height, days to 50 % 
flowering, days to maturity, number of leaves per plants, leaf area per plant, 
peduncle length per plant, number of capsules per plant, number of stigmatic rays 
on main capsule, straw yield per plant, seed yield per plant, chlorophyll content in 
leaves, oil content in seeds, protein content in seeds, morphine content in straw, 
peroxidase activity in leaves and disease severity index for damping-off) showed 
highly significant values showing the presence of a large range of variability 
among the selected 35 accessions for all the traits including disease severity index 
for damping-off and peroxides activity in leaves. Selection parameters like 
heritability in broad sense and genetic advance were estimated for all the sixteen 
characters and heritability was found to be very high for characters like plant 
height, days to 50% flowering, days to maturity, leaf area per plant, straw yield per 
plant, seed yield per plant, oil content in seeds, protein content in seeds, morphine 
content in straw and disease severity index for damping-off Moderate heritability 
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was found for traits like leaves per plant, peduncle length, number of stigmatic rays 
on main capsule, chlorophyll content in leaves and peroxidase activity in leaves. 
However, the heritability was found to be low for number of capsules per plant. 
The high values of heritability suggested that the characters are under genetic 
control and not influenced much by the environmental factors (Webber and 
Moothy, 1952; Johnson et al, 1955). Similar results have been reported earlier for 
showing high heritability for morphine content and low heritability for number of 
capsules (Briza, 1983). 
Genetic advance as percent of means was found to be high for characters 
like seed and straw yield per plant, morphine content in straw, protein content in 
seeds, peroxidase activity in leaves and DSI for damping-off. Flowever, for other 
characters, the genetic advance was found to be quite low but for days to 50% 
flowering the value was found to be the lowest. In a earlier report, low genetic 
advance has also been reported for 50 % flowering which is in close agreement 
with our results (Singh, et al., 1995). In our observations, characters like, seed and 
straw yield per plant, protein content in seeds, morphine content in straw, 
peroxidase activity in leaves and disease severity index for damping-off showed 
high heritability along with high values of genetic advance as percent of means, 
suggesting thereby that these traits may be easily improved through selection and 
selection based breeding approaches should be followed for these traits. 
The correlation coefficients (both genotypic and phenotypic) were 
estimated between all the characters and disease severity index (DSI) for damping-
off showed highly significant negative genotypic and phenotypic correlations with 
seed yield per plant (r = -0.80**) indicating as expectedly that with increase in DSI 
(more susceptibility), the seed yield per plant would decrease. The seed yield per 
plant also showed highly positive correlation with straw yield per plant 
(r = 0.96**). Morphine content in straw has been found to have positive correlation 
with protein content in seeds (r = 0.73**) and chlorophyll content in leaves 
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(r = 0.70*). Protein content in seeds has been found to have significant positive 
correlation with chlorophyll content in leaves (r = 0.76**). Positive significant 
correlation of plant height has been found with days to 50% flowering (r = 0.71*) 
and days to maturity (r = 0.75**). Our results of character associations showing no 
significant correlation between seed yield and number of capsules has been 
supported by Khanna and Singh (1975). However, significant negative correlation 
of seed yield with disease severity index for damping-off is obvious due to the fact 
that seed yield would decline as there will be increase in the disease severity index. 
Any relationship of resistance with some biochemical parameters could help in 
efficient screening of different resistance sources. The present study indicates that 
though not significant, there is negative correlation between peroxidase activity in 
leaves and disease severity index for damping-off These results are in agreement 
with earlier reports by Kalia et al. (1988) reported increase in peroxidase activity 
with the increase in resistance to powdery mildew in peas. High heritability and 
genetic advance as percent of means for peroxidase activity and DSl reveal that 
disease resistant plants in advanced generations can be selected on the basis of high 
levels of peroxidase activity. This observation is further supported by the high 
correlation coefficients between peroxidase activity and the disease severity index 
where with the decrease in DSI i.e. resistance to damping-off there is increase in 
peroxidase activity. 
Knowing the consistent reactions of the resistant and susceptible 
genotypes during two seasons under field and glasshouse conditions, two resistant 
(Ib-38 and M-488), three susceptible (IS-22, SPS-23 and Thailand) and two highly 
susceptible (H-9 and Jawahar-16) accessions were selected for making crosses to 
study the inheritance pattern of damping-off resistance in opium poppy. All 
possible reciprocal cross combinations were prepared and different generations 
including 24 FjS, 19 F2S, two plant progenies of F3 and two backcross combinations 
could be developed which were screened under glasshouse conditions to 
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understand the underlying genetic mechanisms involved in resistance for damping-
off in opium poppy. 
Allelic tests were carried out by involving all available resistant x 
resistant and susceptible x susceptible reciprocal crosses. The progeny 
performance for damping-off reactions invariably revealed no segregation for 
resistant and susceptible types in each of the Fi's and reciprocal Fi's belonging to 
resistant x resistant and susceptible x susceptible cross combinations. The results 
of disease reactions on F2 and reciprocal F2 progenies supported the absence of 
allelic differences and presence of background effects found in these generations. 
The frequency distribution of disease reactions for damping-off in Fi crosses of 
resistant x susceptible combinations showed all susceptible reactions indicating 
thereby the recessive nature of genes governing damping-off resistance. No 
differences could be observed between the corresponding reciprocal cross 
combinations suggesting the absence of any cytoplasmic effects and possibility of 
only nuclear genes governing damping-off resistance. 
All the F2 generations of the reciprocal cross combinations between 
resistant x susceptible parents showed 3 (susceptible): 1 (resistant) segregation and 
no differential reaction could be observed. These patterns of segregation ratios 
suggest monogenic recessive nature of the gene governing damping-off resistance 
in opium poppy. The segregation ratios in the back cross combinations where 
resistant parent was used as donor parent (Bj), the segregation ratio of 1:1 was 
observed in all the combinations as otherwise expected thereby supporting the 
monogenic recessive nature of the gene governing damping-off resistance in opium 
poppy. In the backcross combinations where susceptible parents were used as 
donor parent (B2), susceptible reactions were observed in all the combinations. 
These observations also support the monogenic recessive nature of the gene 
governing damping-off resistance. The disease reactions for damping-off resistance 
on F3 plant progenies of two cross combinations involving resistant and susceptible 
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parents was studied and frequency distributions again suggested monogenic 
recessive control for this disease as the ratio of 1 (resistant) : 2 (segregating) : 1 
(susceptible) adequately fitted in all the three cross combinations thereby further 
supporting the view of monogenic control of damping-off resistance in opium 
poppy. Based on the results on all the generations a single recessive gene 
designated herein as pd-l have been found to be responsible for damping-off 
resistance caused by Pythium dissotocum in both the resistant parents, Ib-38 and 
M-488. There is no earlier reports for the study of damping-off in opium poppy. 
However, some reports of genetic studies for Pythium spp. in crops like snap 
beans {Phaseolous vulgaris) (York et al., 1977; Dickson and Boettger 1977), 
spinach (Goode et al., 1988) and chickpea (Kumar, 1991) have reported polygenic 
inheritance of resistance for this disease. 
Though no significant differences could be found in F2 generations of the 
reciprocal cross combinations for damping-off reactions, however, in five 
reciprocal cross combinations (Jawahar-16 x Ib-38, IS-22 x Ib-38, Thailand x Ib-
38, H-9 X Ib-38 and H-9 x M-488,), the number of resistant seedlings were found 
to be more when the resistant parent was taken as male showing male effect in all 
these combinations. Similarly in backcrosses too, more number of resistant 
seedlings were recorded when resistant parent was used as male as was observed in 
two F2 cross combinations. In earlier reports evidence of cytoplasmic control and 
paternal / biparental transmission has also been reported for downy mildew 
resistance caused by Perenospora arborescence in opium poppy (Dhawan et al., 
1998), Kiss et al. (1978), also reported the presence maternal effects for the 
inheritance of resistance to R. solani in sugarbeet {Beta vulgaris). 
The study was undertaken to characterize the genetic architecture for 
eight characters (plant height, number of capsules per plant, seed yield per plant, 
straw yield per plant, chlorophyll content in leaves, morphine content in straw, 
peroxidase activity in leaves and disease severity index for damping-off) in two 
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cross combinations (Ib-38 x Jawahar-16 and Ib-38 x H-9) of opium poppy. The 
joint scaling test of Cavaili (1952) was applied and additive dominance model was 
found to be inadequate due to highly significant values for most of the characters 
which indicate the presence of epistatic gene effects for these traits in the 
respective crosses. Then six-parameter model of Jinks and Jones (1958) was 
applied to estimate various main and interaction gene effects for all the eight 
characters. Both the additive and dominant gene effects were found important in 
the inheritance of most of the traits except for plant height, peroxidase activity in 
leaves and disease severity index for damping-off where only additive gene effects 
were predominant. 
Additive gene effects, though lower in magnitude, were significant for 
almost all the characters except for seed yield per plant, chlorophyll content per 
plant and morphine content per plant in cross Ib-38 x Jawahar-16 and seed yield 
per plant and straw yield per plant for cross Ib-38 x H-9. Several authors have 
earlier emphasized the predominance of additive variance in the genetic control of 
several agromorphological characters of opium poppy (Singh and Khanna 1975; 
Hlavackova, 1978; Khanna and Shukla, 1989; Kandalkar et al., 1992; Shukla 1992; 
Dubedout, 1993). 
In general, however, the estimates of dominance component were found 
to be higher than the corresponding additive components for all the characters in 
both the crosses indicating the preponderance of dominance gene effects. Among 
the epistatic interactions, it has been observed that the magnitude of dominance x 
dominance [1] effect was higher than other interactions for all the characters except 
for DSI for damping-off where additive x dominance effects were more 
pronounced. Similar results were also reported by Singh et al. (2000) for capsule 
per plant, seed yield per plant, straw yield per plant and fixed oil content in opium 
poppy. Further, parameters [h] and [1], on the basis of which the classification of 
epistasis is done, had opposite signs for all the characters in both the crosses except 
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for peroxidase activity in leaves in the cross Ib-38 x H-9. These results indicate the 
presence of duplicate type of epistasis for all the character except peroxidase 
activity in leaves in the cross Ib-38 x H-9, where complimentary type of epistasis 
was found. Singh et al. (2000) also reported duplicate type of epistasis for capsules 
per plant, seed yield per plant and straw yield per plant in opium poppy. From the 
analysis of gene effects in both the cross combinations it can be concluded that 
additive effect account for most of the genetic variance for disease severity index 
(DSI) of damping-off, peroxidase activity in leaves and plant height although 
epistatic effects are also important for these traits. It should be possible to combine 
resistance genes from different sources into a single cultivar by selecting from 
transgressive segregants. Intermating in early generations should be carried out as 
it will help in proper utilization of both additive and non-additive effects and will 
lead to the accumulation of favorable additive genes. 
During the course of genetic studies of disease resistance for three major 
diseases of opium poppy (damping-off, downy mildew and collar rot), a large 
number of promising genotypes were selected from among different generations of 
the crosses involving resistance sources of these three diseases. One such genotype 
named T-7 was selected from the F3 generation of a cross combination of 
N-3 X IS-22, where N-3 was reported to be highly resistant to downy mildew and 
tolerant to damping-off diseases and IS-22 was highly resistant to collar rot 
disease. Repeated progeny selections and evaluations were carried out in initial 
evaluation (lET) bench scale (BST) and pilot scale trials (PST) leading to the 
development of a distinct, uniform and stable elite line christened as 'Rakshit' 
which was later released as a variety by the Varietal Release Committee of CIMAP 
during November, 2000. The variety Rakshit was later also got registered (Dhawan 
et al. 2001). The same has also been filed as a patent in USA (Dhawan et al. 2000; 
US Patent Application Number 09/537, 186 filed on 31.3.2000) as "disease 
resistant and high yielding variety of opium poppy (Papaver somniferum L.)." 
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INTRODUCTION 
CHAPTER -1 
INTRODUCTION 
Opium poppy {Papaver somniferum) belongs to the family Papaveraceae, 
and is one of the most important medicinal plants grown over thousands of years 
(Neligen, 1927). The plant is believed to be native of the western Mediterranean 
region of Europe (Krikorian and Ledbetter, 1975) and have spread through the 
Balkan Peninsula to Asia Minor. There is no clear-cut evidence of actual 
introduction of opium poppy in India, although the history of poppy as an early 
companion to humans is established by archeological excavations of the last 100 
years (Tetenyi, 1997). In India, the opium poppy plant is believed to be 
introduced by Arabs in the 13 century, as there is no mention of this plant in 
ancient Indian literature. The classification and phylogenetic origin of opium 
poppy has been worked out long back by various workers (De Candolle, 1824; 
Alefeld, 1860; Fedde, 1909 and Veselovskaya, 1976). The opium poppy is 
widely distributed across the world extending up to 60° N in north west Russia 
and the southern limit reaching almost the tropics (Veselovskaya, 1976) 
indicating thereby that it has been adapted to cultivation in array of edaphic and 
climatic conditions. At present, it is cultivated as a drug crop primarily in India, 
Egypt, Iran, Russia and Nepal. Cultivation on a lesser scale is carried on in 
Yugoslavia, Bulgaria, Hungary, Austria, Czechoslovakia, Poland, Germany, the 
Netherlands, Pakistan, China, Japan and Argentina. In India, commercial 
cultivation was once widespread but is now largely restricted to Uttar Pradesh, 
Madhya Pradesh and Rajasthan. All legitimate opium cultivation is conducted 
under the supervision and regulation of the International Narcotics Control 
Board (INCB), Vienna and the governments of the producing countries. Since 
the passage of the opium poppy control act in 1942, it can no longer be grown as 
an ornamental plant or for any other purpose in the United States. The illegal 
cultivation in many other parts of the world for illicit trade of opium is being 
carried out in many countries of the world like 'Golden Triangle' (viz. Thailand, 
Myanmar and Laos) and 'Golden Crescent' (Afghanistan, Pakistan and Iran). 
Papaver somniferum (2n = 22) is a member of the genus Papaver of 
family Papaveraceae and sub-family Papaveroideae. Papaveraceae is among the 
families under the natural order Rhoedales (Papaverales) which was later 
incorporated into order Rananculales (Gottlieb et al., 1993; Kubitzky, 1993). 
The genus comprises nearly 100 species (Fedde 1909) and is affiliated to the 
section Mecones comprising five species, (i) P. somniferum (ii) P. setigerum, 
(iii) P. glaucum, (iv) P. glacile and (v) P. dicaisnei among which Papaver 
setigerum (2n = 44) is a close relative and probably the ancestor of opium poppy 
(Hammer and Fritch, 1977). However, P. setigerum grows wild in southern 
Mediterranean and Canary Island, and is still very similar to the cultivated opium 
poppy species, Papaver somniferum (2n = 22). These chromosomal differences 
might have been responsible for restricted or no gene-flow leading to 
reproductive isolation followed by speciation. 
Opium poppy is an annual herb, 2 to 4 ft tall with 2 - 1 5 capsules per 
plant. Germination of the seeds takes place within 10-15 days and it takes about 
a month to reach the rosette stage and another month to reach the reproductive 
stage of the plant. The stem is green, smooth, slightly hairy near the apex and 
roots are white ftisiform branching, and fibrous. The leaves are alternate, 
clasping the stem, ovate to linear-oblong, waxy, irregularly lobed and strongly 
toothed. Flowers are borne singly, having 4 rounded waxy petals, which might 
be white, bluish-white with a purple splotch at the base, pale-lavender or purple 
red in colour that might be variegated, a conspicuous rounded green ovary 
capped with the five-to twelve-rayed stigma which is surrounded by a prominent 
fi-inge of numerous yellow stamens (150 to 200 in 5 concentric circles). 
The latex obtained by the incision of unripe capsules is known as opium 
which is the source of several pharmacologically important alkaloids viz. 
morphine (C17N19NO3), Codeine or methylmorpine (C18H21NO3), thebeine or 
dimethylmorphine (C19H21HO3), noscapine, or narcotine (C22H23NO7), narceine 
(C23H27NO8) and papaverine (C20H21NO4). Morphine has both analgesic and 
sedative action and is used to relieve extreme cases of pain in cases of 
myocardial infraction, inoperable cancer, typhoid fever, internal hemorrhages 
and trauma. Derivatives of morphine like apomorphine hydrochloride and 
morphine hydrochloride are used to avoid side effects associated with morphine. 
Apomorphine hydrochloride can also be used as an emetic in small quantities 
and its anti-Parkinson efficacy has been recognized and tested (Bernath, 1998). 
Codeine is used both as analgesic as well as antitussive to relieve persistent 
coughs. Papaverine is used as a smooth muscle relaxant in asthmatic, gastric, 
intestinal spasms and coronary ailment. Seeds are used as important culinary 
item and a small part is exported mainly to other countries in Asia and Africa. In 
ayurvedic literature the properties of opium poppy are mentioned as tonic, 
antiphlegmatic, aphrodisiac, cleansing of bodily impurities, binding of the 
bowels and mental illness. Seeds are widely used in the food industry and seed 
oil is considered to be an important raw material in the manufacturing of paints 
and varnishes (Balbi, 1960). There are many examples in the literature, which 
detail the industrial utilization of poppy seeds and oil. The seeds are commonly 
used for decoration of bakery products (Anonymous, 1986; Benk, 1987; Gorton, 
1993; Markuschenko et al., 1983). The biological value of seed products has 
been compared to other foods and seed oil is found to have properties similar to 
sunflower oil and olive oil. The fatty acid composition of the seed oil include 
palmitic acid (7.8-9.6%); stearic acid (1.7-2.4%); oleic acid (14.7-16.2%); 
linoleic aicd (72.2-75.0%) (Singh et al. 1990). Seeds are also rich in aspartic and 
glutamic acids, arginine and methionine. In most of the European countries 
opium poppy is grown for edible seeds and seed oil. Poppy seeds are rich in 
protein and minerals and are considered to be having aphrodisiac and 
constipating properties (Nergiz. and Oetles, 1994) besides being reported as anti 
carcinogenic (Aruna, 1992). 
Plant diseases causes considerable crop loss each year. In addition to 
direct economic losses, the crop quality and often food safety decrease with 
even moderate levels of disease infestation. Resistance and susceptibility are the 
two ends of the disease spectrum. The disease reaction is complex since its 
intensity varies significantly depending on many factors. Three major factors 
namely pathogen, host-plant and enviroment interact with each other in 
different ways, the outcome of which is disease resistance and susceptibility. A 
few reviews are available on the nature of disease resistance genes 
(Michelmore, 1995; Baker et al. 1997; Hammond-Kosack and Jones, 1997; 
Sivaramakrishnan and Seetharama, 2001) 
Various control measures have been devised to minimize these losses. 
However, development of disease resistant varieties is the most practical, 
economical and environment friendly method in this direction. Plant breeders are 
extensively using classically defined resistance genes to achieve the desired 
goals. A large number of screening techniques have been developed for 
evaluating available germplasm accessions for disease resistance in many crop 
plants and sources of resistance to many of the diseases have been identified. 
These resistant sources have been involved in crop impovement programmes and 
a large number of resistant varieties have been developed which are being grown 
annually on large areas in the world. Information on the inheritance of resistance 
is useful to breeders in deciding and adopting suitable breeding methodology. 
Critical information on inheritance of resistance and identification of resistance 
genes is highly desirable. An understanding of the nature of gene effects for 
some important traits helps in knowing the genetic potential of the population 
and thereby in suggesting effective and efficient breeding methods for crop 
improvement. 
Opium poppy is prone to a large number of diseases including downy 
mildew, damping-off, capsule rot, collar rot, stem rot, poppy mosaic etc and 
these diseases cause huge damage to the seed and latex yield. These diseases are 
fairly widespread and severe on most of the commercial varieties of opium 
poppy grown in northern India. (Kolhari and Prasad, 1970; Zaim, 1989; Alam et 
al., 1996). Though downy mildew caused by Peronospora arborescens (Berk) de 
Barry is the most wide spread disease of opium poppy, damping-off caused by 
Pythium dissotocum Drechsler becomes most destructive as it occurs most 
frequently during misty weather when high moisture regime prevails for 7-10 
days during the month of January. This disease spreads rapidly and kills large 
population of the young seedlings in severely infected fields within 15-20 days 
of its appearance. Since all existing varieties of opium poppy are highly 
susceptible to damping-off disease and no resistant genotype was available, 
keeping this in view, planned research experiments were carried out at CIMAP, 
Lucknow with following objectives-
1. Identification of resistance sources for damping-off from among the diverse 
germplasm collections under field and strict epiphytotic conditions in the 
glasshouse. 
2. Utilization of the resistance sources in hybridization programmes and study 
of the genetic mechanisms involved in damping-off resistance. 
3. Study of the variability among the selected germplasm collections in terms of 
disease severity index for damping-off and other morphological, 
physiological, biochemical and chemical traits and estimation of the selection 
parameters and correlation coefficients among different traits. 
4. To study the gene interactions for disease severity index for damping-off and 
other important morphological, physiological, biochemical and chemical 
traits using generation means analysis. 
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Plants need to defend themselves against attacks from pathogens. 
Although many thousands of pathogens are present in nature, individual plant 
species are susceptible to only a very small number of these pathogens. In many 
cases, when a pathogen comes into contact with a plant, the potential pathogen 
attempts to infect the plant. However, only in a few specific cases where the 
pathogen has the ability to somehow suppress or nullify the host defense 
mechanism does disease develop. Resistance to disease is the measure of the extent 
to which a plant inhibits the entry or subsequent growth of the pathogen within its 
tissues. 
Development of disease resistance in crop plant is of great significance. 
The avoidance of susceptibility to diseases and development of resistance in plant 
populations involves special selection programme followed by hybridization, which 
provides an important method of incorporation of desirable characters including 
disease resistance. For minimizing crop losses, development of disease resistant 
varieties has been recognized as the most efficient, ideal and economical method. 
During the last few years, isolation and characterization of plant resistance genes 
has made it possible for us to understant the genetic basis of disease incidence and 
resistance in plants. 
Opium poppy crop is attacked by a large number of phytopathogenic 
organisms, which include bacteria, viruses and fungi causing severe damage to the 
seed and opium yield. 
2.1 Bacterial diseases of opium poppy 
The bacterial disease caused by Bacillus {Envinia) papaveri has been 
reported to attack all organs of opium poppy plants (Atanosoft et al., 1932; 
Christoff, 1933). The most widespread bacterial disease of opium poppy in 
Leningrad district (USSR) have been reported to be caused by Pseudomonas 
solanacearum and Envinia carotovora (var, carotovora) (Nikitina and 
Vakhrusheva, 1975). In India stem rot and capsule rot have been reported to be 
caused by E. carotovora sub sp. carotovora (Sattar et al., 1997). 
2.2 Viral diseases of opium poppy 
Very few diseases caused by different types of viruses have been reported 
in opium poppy. The infection caused by cabbage ring spot virus in opium poppy 
has been reported (Dyer, 1949) which rapidly became systemic (McClean and 
Cowin, 1952). Opium poppy has also been reported to be attacked by beet yellow 
virus which is transmitted by Myzus persicae in beet (Cleij, 1961). Occurrence of 
mosaic disease in poppy in Bulgaria and Turkey has also been reported 
(Kovachevsky, 1968; Turkoglu, 1979). Mycoplasma like organism has also been 
reported in the phloem tissue of the infected opium poppy plants, which showed 
dwarfing and witche's broom symptoms (MuUer et al., 1974). In India there are 
reports of a potyvirus group (PoMV-1) causing poppy mosaic disease which is 
transmited by aphids {Myzus persicae) (Anand and Summanwar, 1981; Zaim, 1989; 
Sattar et al., 1997). Turnip mosaic virus is also reported to cause infection in opium 
poppy. (Horvath and Besada, 1975). 
2.3 Fungal diseases of opium poppy 
Fungi are one of the most serious pathogens of opium poppy and cause 
various kinds of diseases at different stages of the growth. I'hc most important and 
common fungal diseases of opium poppy are damping-off / seedling blight, downy 
mildew, collar rot, leaf blight, leaf spot, powdery mildew, wilt, root rot and capsule 
infection etc. 
2.3.1 Downy mildew 
It is one of the serious and widespread diseases of opium poppy caused 
by Peronospora arborescens. Infection spreads upwards from lower leaves and 
entire leaf surface is covered with downy mildew coating composing of 
conidiophores and conidia of the pathogen. The pathogen produces two kinds of 
symptoms namely systemic and topical (Kothari and Prasad, 1970). The plants with 
systemic infection die prematurely while those with topical infection survive, 
although growth of the infected plants is reduced as compared to healthy plants 
(Sattar et al., 1995). At low temperature and high humidity, the disease spreads 
rapidly by secondary infection through conidia produced on systematically infected 
plants. Khristov (1943) reported that P. arborescens caused abnormal development 
in opium poppy. Butler (1918) reported that downy mildew causes 20-30 % loss in 
yield of opium latex. Fokin (1922) reported that P. arborescens cause hypertrophy 
and curvature of the stem and flower stalk. The formation of capsule is adversely 
affected due to infection. Piethiewicz (1958) found that Peronospora arborescens 
caused extensive damage to the crop cuUivated in moist sites. Doshi and Thakore 
(1995) reported two varieties of opium poppy which wre resistant to systemic and 
non-systemic infections of downy mildew incited by Peronospora arborescens 
(Berk) de Bary under field conditions. Inheritance studies of downy mildew in 
opium poppy revealed cytoplasmic control and biparental transmission of the 
resistance genes (Dhawan et al., 1998). 
2.3.2 Collor rot 
Collor rot of opium poppy is caused by Rhizoctonia solani Kuhn. 
(Sattar et al., 1999). The infection occurs at the collor region, which results in the 
toppling down of the plant. This is the recently reported disease of opium poppy 
and 20-25 percent incidence has been reported under high humidity conditions 
(Sattar et al., 1999). However, Masalab (1938) reported root-rot of opium poppy 
with similar symptoms caused by Sclerotinia sclrotiorum. The infection often 
originated at the stem base and was sometimes accompanied by damping-off of 
underground parts. The root-rot of opium poppy observed in India has been 
reported to be caused by Macropominiaphaseoli and Rhizoctonia sp. (Butler, 1918; 
Deshpandey et al., 1969; Pandey and Nigam, 1985). 
2.3.3 Leaf blight 
This disease of opium poppy is caused by Helminthosporium spp. 
Girzitska (1928), Cyristoff (1930), Bogarado et at. (1971) and Nikitina and 
Vakhrusheva (1975) observed severe damage of opium poppy crop by //. 
papaveris. The leaves of the infected plants develop diffused yellow spots which 
result in premature death and drying of the infected leaves. However Zogg (1945) 
reported Pleospora calvescens as the casual organism for this disease. The 
incidence of H. papaveris on opium poppy was recorded to be 2.48 % to 98.75 % 
by Mraz (1960). High rainfall and relative humidity during the months of June and 
July favours infection (Bogarado et al., 1971) 
2.3.4 Leaf spot 
In opium poppy leaf spot is found to be caused by Entyloma fuscum 
which has been reported from Romania (Savuiescue, 1932). The disease was 
characterized by chlorotic areas on the foliage, which gradually turns necrotic 
forming large coalesce spots, often accompanied by curling. Sporulation may occur 
on the undersides of spotted areas and inspite of excessive spots, plants do not die 
prematurely. Butler (1918) recorded leaf spots and stated that the first appearance of 
the disease is usually when plants are almost fully-grown. Two species of 
Cercospora, C. papaveri and C. purpurea have been reported to cause leaf spot in 
opium poppy (Pavgi and Upadhyay, 1964; Zaman and Khan, 1969). Another leaf 
spot disease caused by Alternaria brassicae has also been reported from Germany 
(Grummer, 1953). 
2.3.5 Powdery mildew 
It is caused by Erysiphae polygoni which is considered to be minor 
disease of opium poppy, (Zaman and Khan, 1969; Kothari and Prasad 1972). 
Powdery mildew is found nearly at and after flowering stage. The base of the stem 
is attacked first where it appears as small circular patch consisting of radially 
arranged mycelium, which gradually enlarges to cause sporulalion. Powdery 
mildew has not been reported on peduncle, floral parts and capsule (Kothari and 
Prasad, 1972; Pandey and Nigam, 1988). 
2.3.6 Capsule infection 
Capsule rot has been found to be caused by Macrosporium papaveris, 
Fusarium script and Dendryphion penicillatum incurring severe damage to latex 
yield (Parisi Roas, 1921; Christoff, 1934; Sehgal etat., 1971). 
23.7 Wilt 
Wilt of opium poppy caused by Verticillium sp. was reported for the first 
time from Holland (Vander Meer, 1925). Wilt occurs during the advance stage of 
growth and leads to the dessication of leaves. The causal organism was identified as 
Fusarium martii or F. oxysporum var. cubense. 
2.3.8 Damping-off 
Damping-off is one of the most important diseases of opium poppy 
caused by Pythium dissotocum Drechsler. The disease occurs on young seedlings 
during misty weather when high moisture regime prevails for 7-10 days during the 
month of January. Angell (1950) reported that two species o{ Pythium namely P. 
ultimum and P. manillatum are responsible for the death of opium poppy seedlings. 
Sattar et al. (1995) screened opium poppy gcrmplasm for identification of resistant 
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sources for damping off and three accessions (Ib-38, Ib-20. CD-31) were found to 
be resistant against the disease. Bajpai et al. (1999) also screened landraces of 
opium poppy and found one race as resistant to damping-off The typical symptoms 
of the disease consist of dark brown necrotic lesions on the roots and collar region 
resulting in sudden death of infected seedlings. The spread of the disease was rapid 
and killed 40-60 percent seedlings in severely affected fields within 15-20 days of 
its appearance. Alam et al. (1996) confirmed the disease incidence, symptoms and 
pathogenecity of P.dissotocum. 
2.4 Diseases caused by Pythium species 
In the early 1900s pathologists found Pythium spp. consistently associated 
with root diseases and it soon became apparent that these fungi were important 
plant pathogens. These soilborne pathogens infect a wide variety of crops, in many 
different areas. Certainly while not all isolates of Pythium species are capable of 
causing disease of plants, many are borne pathogens that cause serious economic 
loss on a wide variety of hosts. Species of Pythium can live saprophytically or 
parasitically and under favourable conditions cause rots of fruits, roots or stems; pre 
or post-emergence damping-off of seeds and seedlings. Young or watery tissues are 
preferentially attacked. Members of the genus Pythium cause seed rot and pre and 
post emergence damping-off of alfalfa {Medicago sativa L.). Several Pythium 
species can infect the embryo, primary and secondary roots and hypocotyle of 
seedlings, and secondary roots of older plants. (Buchholtz, 1942). Certain 
cosmopolitan species of Pythium cause pre emergence damping-off and root 
forking (Haplin et al., 1958 and Hancock, 1983). Seed rot and preemergence 
damping-off caused by Pythium ultimum is the most important soilborne disease of 
Kabuli chickpea (Kaiser, 1983). The root die-back of carrot is often caused by 
Pythium spp. (McElroy et ah, 1971; Mildenhall, 1971; Pratt et al., 1973; Kalu et al., 
1976; Howard e/a/., 1978). 
I I 
In general, damping-off fungi can be either seed borne or soil borne 
(Bloomberg, 1981). Seed rot and pre emergence damping-off of cotton seedlings in 
California have been attributed mainly to Pythium. Pruning and discoloration of 
bean roots is caused by P. aristosporum. P. catenulatum, P. dissotocum and an 
unidentified Pythium sps (Kobringer and Hagedron, 1984). Pythium ultimum and 
sporangial forms resembling P.ultimum are often described as seed and seedling 
pathogens of both chickpeas and peas (Plants-Niterink, 1981). 
Smith et al. (1989) studied the disease reactions on select peanut 
{Arachis hypogea) lines to southern stem rot and Pythium pod rot under varied 
disease pressures. From Japan Kusunoki efxil. (1994) reported Pythium spp. causing 
root rot of barley. This disease is caused by P. spinosum, P. sylvaticum and 
P. ultimum. Wutoh et al. (1994) reported that Macabo root rot disease, caused by 
the fungus Pythium myriotylum, is an important constraint to cocoyam production. 
Sometimes yield loss upto 90% occurs. Abad et al. (1994) obtained thirty three 
Pythium spp. from roots and crowns of Agrostis palustris and other turfgrass 
species with symptoms o^Pythium root and crown rot in North Carolina, USA. 
Root system colonization of lucerne seedlings by Pythium spp. was 
investigated by Larkin et al. (1995). Several species including P.dissotocum, 
P. acanthicum, P. torulosum and P. rostratum reduced root system length but 
elicited no other symptoms. Benard et al, (1995) recovered a total of 120 isolates of 
Pythium species from cavity spot lesions on carrot. Cavity spot of carrot was also 
found to be caused by Pythium violae (Zamski et al., 1996). Pythium disorders 
causing the major disease problems for carrot growers in France was investigated 
and Pythium violae and P.sulcatum were found to be responsible ipr the presence of 
cavities and forking in carrot (Villineuve et a/. 1997). Shtayeh et al. (1994) studied 
roots and crown rots of figs, periodically exposed to flooded soil conditions. 
Pythium ultimum and P. paroecandrum were repeatedly isolated from decayed 
roots and trunk cankers of declining figs in orchards and commercial nurseries. 
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Kraft et al. (1994) in their study on food legumes viz Peas {Pisum sativum L.), 
chickpeas {Cicer arietinum L.), faba beans (Vicia faba L.) and lentils 
{Lens culinaris Medik.) reported root rot and wilt caused by Pythium species. 
Seedling disease, caused primarily by several species of Pythium 
(P.dissotocum, P.arrhenomanes and P.myriotylum) is one of the major constraints 
to water-seeded rice production (Chun and Schneider 1998). This disease also 
known as water-mold disease, seed rot, and seedling damping-off, causes stand 
reductions and growth abnormalities. Wang Guoliang (2000) reported the Pythium 
species infecting cool- season grasses. !?earson et al. (2000) found that Pythium 
chaunorhiza and P. arrhenomanes are two oomycetes fungi responsible for root rot 
disease in sugarcane. These soil borne pathogens contribute significantly to the 
yield decline in Australian cane production. Pythium spp.are also involved in the 
destruction of the fine roots and root tips of trees. This gradually curtails the extent 
of the root systems, leading to inability to absorb sufficient nitrogen from the soil. 
Pythium species which are generally considered to be root pathogens, 
they can also infect stems and foliage of some plants. In greenhouse and nursery 
where plants are crowded, well - fertilized, and watered, the closely spaced 
succulent leaves and stems are subject to infection by Pythium. Disease 
development depends upon environmental conditions, host susceptibility, and the 
presence of virulent Pythium spp. Succulent fruits such as squash, watermelon, 
peppers, oranges, and cucumbers are also attacked by Pythium spp. Pythium also 
affects fruits and vegetables in storage and transit, and bulbs and tubers of 
horticultural plants before and after harvesting. 
2.5 Classification of the genus Pythium 
The genus Pythium was established by Pringsheim in 1858 and placed in 
the family Saprolegniaceae. P. monospermum Pringsh.is the type species. By the 
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end of century taxonomic details of genus had been clarified and many new species 
had been described. The relationship with other Oomycetes was established and the 
genus was included in a new family- Pythiaceae, by Schrroter in 1897. The genus, 
its botanical position, and relationship to other fungi have remained unchanged 
since that time. 
Species of Pythium, and the closely related genus Phytophthora, were 
originally of interest solely to taxonomic mycologists. Eventually these fungi were 
found to cause root disease in many plants and their identification became 
important to pathologists. Middleton (1943) considered the species oi Pythium as 
universally homothallic since no evidence of hetrothallism had appeared in the 
literature up to early 1940's, and since his own cultural practices also suggested that 
these fungi were entirely homothallic. Taxonomic separation of species is based 
largely on characters of the sporangial forms. 
Pythium spp. survive in soil by saprophytic growth and by persistent 
resting structures. They are not vigorous competitors, and their saprophytic 
activities are greatly restricted. Generally, they grow saprophytically only under 
circumstances where other organisms are not present or have greatly reduced 
activity due to environmental conditions. 
High soil moisture favoured saprophytic activity of these fungi. Griffin 
(1963) found that P. ultimum grows well under conditions where the pore space was 
filled with either water or air. He concluded that toleration of high soil moisture and 
conditions of poor gas exchange were an ecological advantage of this fungus. The 
taxonomic position of genus and its relationship with other Phycomycetes were well 
established during the later part of 19"' century. 
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2.6 Characteristics of Pythium dissotocum 
1. Pythium dissotocum, the casual organism of pre and post emergence damping-
off of opium poppy can be grown on potato -dextrose -agar with a radiate 
pattern. 
2. The mycelium is colourless, hyphae are hyaline and 5-7 |im wide. 
3. Cross septa are lacking except in old, mostly empty hyphae or where they 
delimit reproductive organs. 
4. Protoplasmic streaming is often clearly visible in young hyphae. 
5. Colonies on commeal agar submerged, without a special patterm, on potato-
carrot-agar with a radiate pattern. 
6. Asexual reproduction takes place by means of sporangia and zoospores. 
7. The main characteristics of P. dissotocum are the non - or slightly inflated, 
dendroidly branched filamentous sporangia, the low number of antheridia, 
which can be sac-like, stalked, mono- or diclinous, and the thick - walled 
aplerotic or nearly plerotic oospores. 
8. Zoospores are formed at 5-20°C and encysted zoospores are 8-9 ^m in 
diameter. 
9. Sexual reproduction takes place by means of oogonia and anthredia. 
10. Oogonia are terminal, intercalary or lateral, subglobose, often including a small 
part of the subtending hyphae. 
11. Anthredia may be monoclinous or diclinous depending on their origin from the 
oogonial stalk or from different hyphae not closely connected with the one 
subtending the oogonium. 
12. Antheridia commonly 1-3 per oogonia, originally from the oogonial stalk 
immediately below the oogonium are sessile or borne on unbranched anthredial 
stalks originating at various distances from the oogonium . 
13. Oospores are plerotic oospores when it fills the whole oogonium or aplerotic 
when there is space between the oospores and oogoniual wall. 
14. Oospores diameter is 19.8 ^m and wall is 1-3 ^m thick. 
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2.7 Disease cycle of the pathogen 
2.7.1 Survival 
Pythium spp. survive in soil by saprophytic growth and by persistent 
resting structures. They are not vigorous competitors, and their saprophytic 
activities are greatly restricted (Barton 1961). Generally, they grow saprophytically 
only under circumstances where other organisms are not present or have greatly 
reduced activity due to environmental conditions. Survival by resting structure is 
considerably more important than saprophytic persistence .The chief mechanism of 
survival is by means of zoospores and sporangia for short and intermediate periods, 
and oospores for longer periods . 
2.7.2 Germination 
In order to attack plants, the survival structures must germinate which 
they do by germ tubes or zoospores. Some species have the capability of 
germinating both ways, while others characteristically produce only germ tubes. 
Root exudate stimulated germination of oospores of P.mamillatum (Barton 1957). 
Specific substances present in the root exudates serve as nutrient source for 
Pythium germlings (Kraft 1968). The roots exudates of susceptible plants can 
cause accumulation of zoospores and accelerate their encystment and germination 
(Tripathi and Grover, 1978), especially in differentiating or injured roots 
(Krafl erai, 1967). 
2.7.3 Infection 
Infection takes place when zoospores produce germ tube 
(Spencer and Cooper 1967) or hyphal elements from appressoria and then 
penetrates the plant by means of infection pegs (Miller et ai, 1966). Sufficient 
amount or excess of soil water often favour infection and the severity of attack. 
Infection mostly takes place on the young roots of susceptible plants, root exudates 
can cause an accumulation of zoospores and accelerate their encystment and 
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germination (Tripathi and Grover, 1978), especially in differentiating or injured 
roots (Kraft ^t at., 1967). Infection depends on several factors, viz. inoculum 
density, soil water content, temperature, pH, light intensity, cation content and 
presence of other micro-organisms. 
2.8 Screening procedures for the identification of resistance sources for 
Pythium and related pathogens in different crops 
Methods for screening peas for resistance against Pythium include 
infesting soil with commeal-sand inoculum (Perry, 1973); inoculum produced on 
medium saturated vermiculite (Kraft and Roberts, 1969); oospore inoculum 
(Stasz and Harman, 1980); or soaking seed in a hyphal suspension prior to planting 
(Ohn et al., 1978). Soil infested with inoculum of P. ullimum, grown on 
vermiculite saturated with a basal medium, is used where infested soil is air-dried 
to induce the formation of thick-walled sporangia and oospores of P.ultimum. This 
soil is then mixed with sufficient quantities of non-infested soil so that test lines 
are exposed to a population of 200 to 500 propagules of P.ultimum per gram of air-
dried soil (Mircetich and Kraft, 1973). 
Stephens and Powell (1982) developed a laboratory method for testing 
isolates of Pythium spp. that cause post emergence damping-off of seedling 
bedding plants in greenhouses. In this method, seeds were sown thickly in rows 
and after seedling emergence, bits of 9 - 12 mm thick inoculum, 12 mm in 
diameter removed from advancing edge of a 36hr PDA culture was buried 0.5 cm 
deep at one end of the seedling row and pots were watered well. After 9 days of 
inoculation in plastic bags, the length of the seedling row with damping off was 
recorded. Hausbeck and Stephens (1989) screened seed - propagated Geraniums 
against damping-off, root rot and lower stem rot caused by Pythium ultimum. The 
pathogenic isolate was grown on 20 ml of water agar in petriplates. The mycelial 
disks taken from perimeters of colonies were used to infest sterilized potato 
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medium and after 2 weeks the inoculum was air dried and sieved wiiich was 
thoroughly mixed with soilless root medium at three infestation levels, and 35 or 
49 days old geranium seedlings were transplanted into infested and the uninfested 
medium. Disease symptoms were noted and dead plants counted daily. 
Liddell et al. (1989) isolated Pythium irregulare and P. ultimum from 
California carrot producing soils with histories of carrot root dieback. The isolation 
was done from soil as well as from plant material on PVPP agar plates and colony-
forming units per gram of sand was estimated. The final Pythium count of 
200 cfii / g of sand was standardized for experiment. Both the species of Pythium 
caused dieback symptoms and up to 80 % mortality of carrot seedlings 7 days after 
sowing in infested soil was observed. High soil temperature (27-35°C) aggravated 
the disease. 
Steamed soil infested with oospores or a sand - commeal mixture 
colonized with mycelium was used to reinfest fumigated soil with the Pythium spp. 
in field trials for testing pre emergence damping-off of chickpea 
(Trapero-Casas et al., 1990). 
Hancock (1991) screened forage Alfalfa for seedling and rootlet disease 
caused by Pythium irregulare. Isolate of Pythium recovered from feeder roots of 
forage alfalfa was grown on oatmeal slants in petridishes filled with 10ml of water. 
Mycelium, oospore and sporangia were harvested from the water surface and 
added to soil which was then air dried and kept to be used to infest larger quantities 
of soil for experimentation. Tests of preemergence damping-off were made in 
plastic pots filled with infested soil. These pots were seeded and evaluated two 
week after seeding. In pathogenicity studies rootlet infection was measured with a 
root pladng technique where both the number of infection sites per unit of root 
length and the length of root colonized by P. irregulare were measured. 
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Altier and Theies (1995) used culture plate method for screening alfalfa 
germplasm to Pythium seedling disease. A total of twenty five seeds were placed 
on the surface of a 3 - day old colony of Pyhium growing on water agar and 
incubated at 12, 18 or 25° C for 5 days. Disease severity was rated using a 5 - class 
scale. The results indicated the usefulness of culture plate method for studying 
pathogenecity and virulence of Pythium spp. and for characterizing alfalfa 
germplasm for seedling resistance to Pythum. The method optimized efficiency 
because it did not require much time and space, and gave reliable disease reactions 
without escapes. 
Evalution of Amaranthus accessions for resistance to damping-off caused 
by Pythium myriotylum was done using naturally infested soil and artifically 
infested soil but with both under glasshouse conditions. The seedlings were raised 
in pots and were then challenged with 0.5 ml of oospore suspension. The oospores 
were produced by mycelia of the fungus on oatmeal agar and that much 
concentration of oospores was standardized which resulted in 50 % mortality of 
controls used (Sealy et al., 1988). 
A rapid, simple and reliable greenhouse method to evaluate resistance to 
Phytophthora root rot in a processing tomato was used. In this method the 
seedlings were raised in spreading trays having cavities. These trays were Xhin 
placed in metal trays containing 1 L of the inoculum of desired zoospores 
concentrations (1 x 10 ^ and 3 x 1 0 ^ motile zoospore per millimeter) for 2 - 3 hrs 
to ensure adequate time for zoospore encystment and attachment, 
(Mac Donald, 1984). Three, seven and ten days after inoculation, percent stand 
was recorded and visually rated on 0 - 4 scale (Bolkan, 1985). The screening for 
Phytophthora seed rot and seedling blight of Sainfoin (Onobrychis viciifoUa) was 
done both in the field and greenhouse, the inoculum of P. megasperma was grown 
on liquid medium (2000 ml of Campbell's V-8 juice and 800 ml of DW per liter) 
thereafter mycelial mats were blended in distilled water in the ratio of one mycelial 
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mat to 238 ml of DW. The inoculation was then performed by three methods, in 
one the inoculum was incorporated into the soil before seeding, in the other the 
inoculum was placed in seed furrow (25 ml per furrow) just before planting and in 
the third the inoculation was performed when plants were 9 week old, the 
inoculum was poured in the holes made in the soil which extend downwards to the 
root zone (Gray eial.. 1987). 
The screening procedures used for the indentification of resistance sources 
against other root diseases viz. Fusarium wilt, Rhizoctonia root rots, Phytopthora 
root rot etc. have been reported which are being refered for selecting an apropriate 
A 
screening procedure to be used for the screening of opium poppy accessions 
against damping-off. 
For screening wilt of chickpea (Cicer arietinum L.) inoculum o{ Fusarium 
oxysporum was developed on sand - maizemeal. One hundred grams of mass 
inoculum was mixed thoroughly with 2 kg of autoclaved soil black vertisol and 
riverbed sand mixture (1: 1) in a 15 cm plastic pots. The seedlings were transferred 
after 4 days so that the fungus gets established in pots and disease was assessed 
thereafter (Kumar and Haware, 1982). Screening of wild Cicer species for 
resistance to Fusarium wilt has been reporteatn which inoculum was produced and 
multiplied on 10 ml of PDA in 250 ml flasks on an orbital shaker run at 160 rpm, 
8h day length, at room temperature for 15 days. This liquid culture was filtered 
through a double layer of cheese-cloth and spore concentration was adjusted at 1 x 
10^  spores / ml with the help of hemacytometer. The seedlings were raised in 
glasshouse at 22 ± 3°C and then transferred to 200 ml plastic glasses (five plants 
each) containing 150 ml of either the inoculum at 10^  spores or sterile water as 
control. The seedlings were held at place against in glass by a sterile styrofoam 
disk which helps in gas exchange between the liquid surface and the surrounding 
free atmosphere. The plants of each accession after inoculation were evaluated on 
the basis of plant canopy damaged by the acropetal progression of wilting 
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(Infantine, 1996). KabuH chickpea germplasm was screened for resistance to 
Fusarium wilt by raising the seed in sterilized black vertisol contained in plastic 
trays. The trays were divided into cells having a drainage hole. One seed was 
planted in each cell and the trays were pressed into autoclaved riverbed sand to a 
depth of 5 - 7 mm. The trays were then lifted after 5 - 1 0 days and roots 
protruding out of the drainage hole were dipped in spore suspension of Fusarium 
oxysporium f sp. ciceri after being washed with sterile water. The trays were again 
pressed in another pan filled with autoclaved soil mixture consisting of riverbed 
sand and vertisol (1:1). Seedlings were watered as needed with distilled water and 
checked after every 2 days for wilt symptoms (Halila et al., 1997). 
Reactions of selected bean germplasm to infection by 
Fusarium oxysporum f. sp. phaseoli has been studied where highly virulent 
Brazilian isolate of Fusarium oxysporum was used. The inoculum was produced on 
APDA plates and after scraping the culture surface the spore suspension 
(microconidia, macroconidia and a few chlamydospores) was prepared by 
adjusting the concentration with haemacytometer. The inoculation of the seedlings 
was performed by dipping them in spore suspension and then transplanting in pots 
filled with pasturized soil. Disease severity rating was observed on 0 - 9 scale, 
where 1 - 3 as resistant, 3.1 - 6.0 as intermediate and 6.1 - 9.0 as susceptible 
(Pastor - Corrales and Abawi, 1987). Pathogenicity of Fusarium oxysporum f. sp. 
phaseoli and reactions of bean germplasm {Phaseolus vulgaris) were studied 
where the root tip cuttings of 1-week old seedlings were obtained and dipped in a 
spore suspension of F.oxysporum f. sp. phaseoli (1x10^ spores / ml for 5 min) and 
disease severity was recorded 7,15 and 21 days after inoculation (Piza et al., 1993). 
In an other reportb/ evaluation of disease was done by root-dip inoculation method 
and scored using a CIAT disease severity scale from 1 to 9, where 1 - 3 resistant, 
4-6 intermediate, 7 - 9 susceptible. The disease severity index (DSl) was 
calculated as the mean score of 40 plants for parents, 30 - 50 plants for F2 and 
20 - 35 plants for each F3 families (Cro^t al., 2000). 
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In soyabean {Glycine max (L.) Merr) it was found that inoculation of 
seedlings with the oat grain culture of Fusarium solani in the greenhouse is a 
reliable method for evaluating reactions of soybeans to F. solani 
(Stephens et al., 1993). In another experiment the isolate of Fusarium was 
maintained in the dark at 23° C on solidified agar medium consisting of 1 g of 
KH2 PO4, 1 g of KNO3, 0.5 g of MgS04, H2 O, 0.5 g of KCl, 0.2 g of potato starch, 
0.2 g of sucrose, and 8 g of agar per liter. The fungus was increased on 200 g of 
red sorghum seeds that were soaked overnight and autoclaved twice in a 1- liter 
flask. Each flask was inoculated with 10 plugs of 4 mm diameter of fungal medium 
and incubated for two weeks. Two liters of a greenhouse steam treated soil mix 
(1 : Isand / soil) was placed in 8 x 12 cm galvanized trays. Three furrows of 12 cm 
long, 2 cm deep, and 3 cm apart were made and Scm'' of infested sorghum seeds 
were evenly distributed in each furrow, and these furrows were covered with 800 
cm of soil mix. 2 cm deep furrow was made directly over the inoculum by using 
template and twelve seeds of each entry were placed and covered with SOOcm^  of 
soil mix. The soil was maintained at near water holding capacity after seedling 
emergence and after three weeks of planting, each plant was evaluated for sudden 
death syndrome symptoms (Hartman et al., 1997) 
Lentil wilt caused by Fusarium oxysporum f. sp. lent is was screened and 
sowing was done in wilt-sick plot, having high inoculum density. Twenty seeds of 
each accession were hill-planted with 37.5 cm between hill plots. A susceptible 
control was sown after every two test entry rows. The experiment was in a 
randomized complete block design with three replications and plots were scored 
periodically on 3 - 4 day interval (Bayaa et al., 1997). 
In a comparison of number of methods for evaluating resistance to 
Fusarium oxysoprium and Fusarium solani, the best results were obtained under 
artificial infection condition where the pathogen was incorporated into the soil as 
monoculture before sowing. The varieties to be tested are sown in this soil, 
together with the known susceptibile variety as check. (Krivchenko etSl, 1985). 
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Latin.e/ al. (1986) maintained the culture of Fusarium oxysporum 
f. sp.melonis on potato-dextrose broth in 500 ml flasks and prepared the inoculum 
of different concentrations of 10\ lO'*, 10^ 10^  and 10^  micro conidia per milliliter 
by filtering the culture through two layers of cheesecloth and quantifying the 
filtrate by haemacytometer. Three methods of inoculation were adopted 
viz-standard method, pipette method and tray dip method. In standard method the 
seedlings were raised in plastic trays and inoculation was performed by dipping the 
roots in appropriate inoculum suspension for about 1 minute followed by 
transplanting the seedlings in another trays and wilt was thereafter assessed after 
10 days of inoculation. In pipette method the seedlings remained undisturbed 
throughout the experiment and 5 ml of inoculum suspension of appropriate 
concentration was delivered to the substrate around each seedling with an 
automatic pipetting machine. After 12 days of inoculation, wilt incidence was 
assessed. This method resulted into inconsistent ranking of cultivars for resistance 
to Fusarium wilt. In tray-dip method seedlings were raised in soilless substrate in 
plastic trays and these trays were gently pressed into a sand covered greenhouse 
bench and after 11 days the plants with trays were gently lifted. The roots 
protruding out were rinsed and were then dipped in appropriate inoculum 
concentration for 50 minutes. The trays were then returned to its original position 
on sand bed and left undisturbed for 12 days and disease was assessed and 
consistent ranking of cultivars was observed. Disease severity (incidence) was 
estimated as 
1= I(X+0.5)/(N+1.0) 
Where I = disease proportion 
X = Number of seedlings with symptoms in each replicate 
N = Total number of seedlings in each replicate 
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Pink root and Fusarium basal rot resistance in garlic was evaluated in 
laboratory. The technique was same as developed by Gorenz et al. (1949) for 
selection of resistant onion seedlings and modified by Nicholas (1963) and 
Nicholas et al. (1965). P. terrestris was maintained on PDA and then 10 plugs 
were placed in 800 ml bottles with 200 ml of Czapek's broth and shaken three 
times per week to break the mycelial mat. After 4 weeks, the mycelium and broth 
were blended three times for 30 seconds at low speed in Waring Blender, then 200 
ml of inoculum and 1400 ml of distilled water were mixed with 23.5 kg of sterile 
silica sand. The Fusarium basal rot fungus was increased on PDA at 24°C and then 
transferred to potato - dextrose broth, after blending it in the waring blender, the 
mixture was centrifliged at 3400 rpm for 10 minutes and spore containing pellet 
was resuspended in distilled water and spore suspension was mixed with sterile 
sand to establish inoculum levels at 105 spores per gram of sand (Rengwalska and 
Simon, 1986). 
Susceptibility of rye inbred lines to foot rot caused by 
Fusarium culmorum and F. graminearum was evaluated by three test systems. The 
test systems were specially designed for greenhouse, foliar tent and field 
experiments. The inbred lines, some of which are being used in commercial 
hybrids, showed significant variations for resistance. Significant interactions 
occurred between genotypes and test systems, and within the test systems between 
genotypes and years or growth stages. A significant correlation existed between 
susceptibility in the greenhouse and in the field (r = 0.84), when inoculation in the 
greenhouse took place at the joining stage. In earlier growth stages, however, this 
correlation was not significant. In both greenhouse and foliar tent experiments, 
susceptibility to F.culmorum and F. graminearum was strongly correlated 
(r = 0.71). It was concluded that, in breeding generations with limited seeds 
quantities, the greenhouse and foliar-tent test systems offer good possibilities of 
indirectly improving fast-rot resistance in rye (Hoxter et al., 1992). 
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In an attempt to standardize inoculation method for screening bromeliads 
for resistance to F. oxysporum 16 different methods were used to inoculate young 
Aechmea fasicata plants with the pathogen. These involved the use of mycelial 
plugs, microconidia, infected substrate, microconidial suspension which gave rapid 
and high infection in the plants (Samyn et al., 1994). 
Screening assay was developed for Fusarium resistance in Gladiolus. In 
this the fungus was grown on autoclaved oatmeal soil mixture (1 : 5 W / W) at 
23°C for 3 weeks. This full grown culture was ground and mixed in various ratios 
and number of propagules were determined by planting soil dilution on a modified 
selective Komada medium (Loffer and Mouris, 1989). The resistance was assesed 
by calculating relative length data of all cultivars along with control for each in 
randomized complete block design (Loffler et al., 1997). 
Vitis rootstocks were screened for Fusarium oxysporum using excised 
roots in the laboratory and attached roots in the field. The maintenance of stock 
culture was on acidified potato dextrose agar (APDA) slants. In laboratory 
screening the roots obtained from non-infested fields were surfaced sterilized for 
3 minute in 1 % NaOCl & rinsed in sterile water. For inoculation these roots were 
wounded across the phloem parenchyma using sterile razor blades and inoculated 
at the injury sites with 2 mm diameter agar plugs from 7 day old fungal cultures on 
APDA. The inoculated roots were placed in plastic petridishes lined with 
moistened filter paper and incubated for 6 weeks at 24°C in the dark before the 
fungal infections were assessed. The attached roots assays were performed by 
exposing the roots at the depth of 30 cm which are about 4 - 6 mm in diameter, 
then roots were rinsed, wounded and inoculated with 7 days old fungal cultures. 
These inoculated roots were placed in petridishes, sealed with parafin and 
ruberified. Disease severity on excised and attached roots was quantified by 
determining the percentage of tissues that was discoloured relative to the total 
amount of tissue (Omer et al., 1999). 
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A rapid method of screening for resistance to Rhizocotonia root rot in 
snap beans was proposed which involved inoculation of surface sterilized 
Phaseolus vulgaris seedlings, uprooted 5 - 7 days after sowing in vermiculite and 
their incubation on moist filter paper in petridishes at 26°C under continuous light 
for 48 hr (Shao et al., 1980). In the screening of chickpea germplasm in Syria for 
Rhizoctonia solani damping-off. 30 lines of Cicer arietinum grown in field soil in 
pots and inoculated by flooding with mycelial and sclerotial suspension of 
R. solani. (Reddy, 1983). Infested Zea mays kernels were used to inoculate 
Capsicum germplasm for evualating resistance to R. solani. The accessions 
differed in disease rating on 0 - 9 scale. (Muhyi et al, 1995). 
In another experiment commeal sand culture of R. solani was used for 
evaluating resistance in seedlings of Brassica oleracea. The experiments were 
conducted at growth room and field. The inoculum was prepared on cornmeal 
sand (3 % wt / wt) and CFU were determined by suspending 0.1 g of colonized 
commeal - sand in 9.9 ml of sterile^ distilled water and planting dilutions on one-
quarter-Strength PDA (Keinath, 1997). 
2.9 Identification of resistance sources and genetic studies of disease 
resistance for Pythium and related diseases in crop plants 
Sattar et al. (1995) screened a large number of germplasm collections of 
opium poppy for damping-off caused by Pythium dissotocum under glasshouse and 
field conditions and found three resistant accessions (Ib-20, Ib-38 and CD-31). A 
set of 23 landraces of opium poppy were screened for reactions to damping-off and 
only one landrace, 1018 was found to be resistant (Bajpai et al. 1999). ^ .. . 
York et al. (1977) identifed resistant lines 1273 (white seeded), 5-161 
and Sparton Arrow (coloured seeded) of snapbeans and used these lines for making 
crosses with susceptible lines to study the of inheritance of resistance to seed decay 
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and pre-emergance damping-off in snapbeans caused by Pythium ultimum. Frank 
and Ashri (1977) identified Schwarz 21 of peanut {Arachis hypogea) as resistant to 
Pythium myriotylum while screening 200 accessions of peanut for this disease. 
Jones and Woodard (1983) identified PI 365553 as the most resistant genotype in 
all the seedlings tests while evaluating peanut germplasm for resistance to 
Pythium myriotylum. Smith (1989) reported that two accessions, Tx AG-3 and 
Toalson of peanut were found to sustained less pod disease caused by 
Pythium species. 
In tests of varietal reactions of black beans {Phaseolus vulgaris), red, buff 
coloured and mottled beans were found to be more resistant than white ones. The 
most resistant genotypes, PI226895 (a black bean variety) was developed by 
Ginoux (1993). Out of the total cultivars of cocoyam (Xanthosoma sagittifolium (L) 
Schott) evaluated for tolerance to the root rot disease caused by Pythium myriotylum 
only two accessions, RO.1006 and RO.lOll were identified as resistant sources 
(Wutoh, 1994). Bernard (1995) identified. Panther, Caropride, Famia and Navaja as 
the most resistant cultivars of carrot against Pythium violae that causes cavity spot. 
Villineuve (1997) identified, Nandor variety of carrot to be the most resistant 
against Pythium violae and Pythium sulcatum. 
There are very few reports for the genetic studies of disease resistance 
against Pythium species in crop plants and there is no report in opium poppy so 
far for this disease. Kumar et al. (1991), however, studied the inheritance of pre-
emergance damping-off caused by Pythium ultimum in two crosses of chickpea 
and found that resistance was inherited polygenically. Susceptibility was found to 
be conferred by two recessive genes during the study of progeny from a cross 
between most resistant and susceptible variety of common bean {Phaseolus 
vulgaris) against Pythium (Ginoux e^^., 1993). 
Genetic studies for disease resistance of related species causing root 
diseases of crop plants especially for Fusarium, Phytopthora and Rhizoctonia 
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have been reportafd earlier. Inheritance and nature of resistance in beans to 
Fusarium oxysporum f. sp. phaseoli was studied and two distinct pathogenic races 
were used. Analysis of progenies of each of the crosses between four resistant 
cuhivars and a susceptible cuhivar indicated that a single gene control resistance to 
each race (Raul et al., 1979). To determine genetic control for resistance in 
soyabean, Stephens et al. (1993) reciprocally crossed resistant cultivar with 
susceptible cultivar that develop severe foliage chlorosis and necrosis when 
infected with F. solani. Progenies from these crosses were evaluated in the 
greenhouse for reactions to F. solani using an infested - oat inoculation technique. 
Reactions to F. solani in segregating F2 and F3 generations indicated that the ability 
of resistant cultivars to resist foliar disease symptoms caused by F. solani was 
conditioned by a single dominant nuclear gene {Rfs). Salgado et al. (1995) also 
studied the inheritance of resistance to a Colorado race of Fusarium oxysporum sp 
phaseoli in common bean and different segregation patterns in F2 progeny of 
crosses between resistant and susceptible parents were observed. In one group, 
segregation patterns fit a single completely - dominant gene model (3R: IS), 
whereas segregation in the other group fit a more complex inheritance pattern in 
which recessive gene action controlled resistance to Fusarium oxysporum f sp. 
phaseoli. Other resistance patterns were indicative of a qualitative pattern. 
Inheritance studies of resistance to chickpea {Cicer arietinum L.) wilt 
caused by Fusarium oxysporum. sp. ciceri revealed 3:1 ratio in a set of diallele 
crosses among five resistant and two susceptible cultivars. F|, F2 and F3 
generations indicated that resistance was conferred by a single recessive allele at 
the same locus in the resistant parents and this resistance was successfully 
transferred from resistant cultivars to a wide range of genetic backgrounds by 
hybridization and pedigree and bulk selection (Kumar and Ilaware, 1982). 
However, Upadhyaya et al. (1983) found the presence of two genes in 
homozygous recessive form for complete resistance to this disease. The inheritance 
of resistance to Fusarium wilt (race 2) of chickpea was studied by Kumar (1998) in 
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aset of three crosses i.e. resistant x susceptible, resistant x tolerant and tolerant x 
tolerant in order to investigate the number of genes involved. Tests of F|, F2 and F3 
generations of these crosses under controlled conditions indicated involvement of 
three loci (two recessive and one dominant allele). The homozygous recessive 
forms at first two loci conferred resistance whereas susceptibility occurred when 
the first two loci were in the dominant form. A dominant allele at the third locus 
can complement the dominant alleles at the other two loci to confer tolerance. 
Occurrence of resistant segregants in a cross between two tolerant cultivars was 
observed. 
The work on inheritance of resistance to Fusarium oxysporum f sp apii 
in celery was carried out by Orton et al. (1984) and it was found out that F2 
generation ratios were between 3:1 and 15: 1 (resistant : susceptible). The F2 
segregation from a separate cross was also consistent with the hypothesis of a 
single dominant resistance gene. The mode of inheritance of resistance in 
muskmellon was studied to Fusarium wilt caused by F. oxysporum f.sp. melonis 
race 0 and 2 . The ratio obtained from the Fi F2 and BC| population of the crosses 
of resistant parents with susceptible ones indicated that the resistance was 
conferred by a dominant gene (Zink et-aL, 1985). Inheritance of resistance in 
carnation against Fusarium oxysporum f.spp. dianthi races 1 and 2 was studied. It 
was concluded that resistance to both races was inherited in a additive way. 
Indications to independently inherited root specific resistance component 
(extravascular resistance) were only found with race 2. The progenies of the double 
resistant cultivar Novada appeared to produce particularly high levels of 
phytoalexins (Baayen et al., 1991). 
Malhotra et al., 1994 studied the genes involved in resistance to race 1 of 
Fusarium oxysporum f sp. lycopersici, which caused tomato wilt. The F2 plants 
from the resistant crosses behaved like their resistant parents. Similarly, the plants 
from the susceptible crosses were susceptible. The results indicate that a single 
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gene governs susceptibility to Fusarium wilt in these cultivars and that resistance 
is controlled by the same gene. Segregation pattern for resistance to Fusarium wilt 
incited by F.oxysporium in tomato {Lycopersicon esculentum Mill) in crosses 
between resistant parents and susceptible parents indicated a single dominant gene 
controlling resistance. (Scott and Jones, 1989) 
The inheritance of wilt resistance in linseeds caused by Fusarium 
oxysporum for twenty crosses of 4 resistant parents and 5 susceptible female lines 
indicated monogenic segregation leading to 3 resistant : 1 susceptible ratio in the 
F2. On the contrary 10 crosses of two resistant parents with a susceptible female 
parent showed that resistance was governed by two dominant complementary 
genes (Goray et al., 1987). However subsequently they reported a monogenic, 
digenic and trigenic pattern of gene action for resistance to linseed wilt 
(Goreye/a/., 1988). 
The inheritance of resistance to Fusarium wilt {Fusarium oxysporum 
f.sp.lini) was investigated in Linum usitatissimum as a first step towards gaining 
and understanding of the molecular genetics of the disease and developing a 
procedure for marker -assisted selection. Most of the phenotypic variation was 
attributable to the segregation of the two independent genes with additive effects. 
Minor resistance genes might have also contributed by modifying the resistance 
response (Spielmeyer et al., 1998). Fusarium basal plate rot (FBR), caused by 
Fusarium oxysporum f. sp. cepae, an important soil-borne disease of onions was 
studied and it was suggested that single gene, two genes, or multiple genes govern 
resistance to FBR (Christopher S. Cramer, 2000). 
Study on the inheritance of resistance to Phytopthora megasperma in 
tetraploid alfalfa suggested that resistance was conditioned by two incompletely 
dominant complementary genes, Pmi and Pm2. F2 family segregations for disease 
reactions provided further evidence to support the two locus model. 
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(Irwin et al., 1981). Genetics of pepper resistance to Phytophthora capsici in 
pepper {Capsicum annum) was studied and it was found that it was controlled by a 
combination of vertical and horizontal resistance. Crosses among highly 
susceptible local lines and resistant lines showed that the susceptible parent had a 
significant influence on the expression of resistance. Variability among single and 
3-way crosses derived from Capsicum lines selected for resistance was analyzed. 
Genetic components related to general and specific combining abilities and 
additive - by-additive epistasis were studied. Indirect evidence of higher order 
epistasis was obtained. Epistasis was also found to be a principal source of 
variation (Bartual et al., 1991). Cristinzio et al, (1992) reciprocally crossed a 
Mexican line of Capsicum annuum which was resistant to Phytophthora capsici 
with susceptible line. Upon inoculation with a suspension of two strains of 
P. capsici at 2 - 4 leaf stage, the progeny of resistant line was not infected but 
susceptible line showed 50 % mortality which indicated that the resistance was 
controlled by two dominant genes. Differential root resistance to Phytophthora 
megasperma f. sp. glycinea in four soyabean (Glycine max (L.) Merr.) varieties 
was reported and reactions of varieties of Williams (susceptible), Ripley and 
Emerald (resistant) were compared with those of the variety CNS containing the 
Rps2 gene which confers root resistance to certain races of P. megaperma. An 
inoculum-layer procedure was used in the greenhouse to determine reactions of the 
varieties. Ripley exhibited root resistance to race 1 but showed little or no 
resistance to races 7 and 10. Emerald exhibited high levels of seedling survival and 
seedling growth against races 1, 7 and 10, while CNS showed similar levels of 
seedling survival and growth with races 1 and 10. The highly resistant reactions of 
Emerald to races 1, 7 and 10 suggested that Emerald may possess either Rps2 and 
an additional gene which confers resistance to race 7, or a gene or genes other than 
R/?52 which condition resistance to all three races (Thomison et al., 1993). 
The inheritance of resistance to dry root rot of chickpea caused by 
Rhizocotonia bataticola was studied. Parental, F| and F2 population of two 
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resistant and two susceptible parents, along with 49 F3 progenies of one of the 
resistant x susceptible crosses were tested for their reactions to dry root rot. All Fi 
plants of the resistant x susceptible crosses were resistant; the F2 generation fitted 
a 3 resistant : 1 susceptible ratio indicating monogenic inheritance, with resistance 
dominant over susceptibility. F3 data also confirmed the results (Ananda Roa and 
Haware, 1987). 
2.10 Disease resistance and biochemical parameters 
The first systemic biochemical change detected in plants was enhanced 
peroxidase activity in tobacco in response to inoculation with TMV (Simons and 
Ross, 1970). Changes in certain biochemical constituents in maize {Zecfmays L.) 
leaf sheath infected with Rhizoctonia solani Kuhn was studied and peroxidase 
activity was found to be significantly higher in susceptible plants compared to the 
resistant ones (Gangopadhyay and Lai, 1986). Peroxidase and polyphenol oxidase 
activities in sorghum for Peronosclerospora sorghi was studied and it was found 
that peroxidase activity in healthy leaves of all the sorghum lines was very low and 
did not alter significantly up to 60 h after inoculation and there is no difference in 
enzyme activity between resistant and susceptible lines (Gowda et al., 1989). 
Sunflower genotypes were evaluated for their susceptibility to stalk rot 
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{Sclerotinia sclerotiorum) and corelation between the phenol content and 
percentage of dead plants was found to be negative (Bazzalo et al, 1991). The 
content of phenol, o-dihydroxyphenols and peroxidase activity in healthy and 
Curvularia andropogonis (Zimm.) infected leaves of Java citronella were 
determined. As a result of infection, the content of phenols and peroxidase 
increased two-and four-fold, respectively in necrotic lesions compared to healthy 
leaves. In surrounding tissue of lesions, their increase was one- and half fold only. 
The peroxidase activity decreased with the maturity of the necrotic lesions 
produced in response to infection appears to be the consequence of phenols and 
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their oxidation by peroxidase (Alam et al, 1991). Peroxidase activity was found to 
increase in inoculated roots of carrots (Zamaski, 1996). 
Peroxidases have been reported to have antifungal properties also 
(Peng and Kuc, 1992). Peroxidase activity was used as a biochemical marker for 
resistance of Muskmellon (Cucumis meld) to Pseudoperonospora cubemis. It was 
revealed that after infection the activity increased with time both in susceptible and 
resistant plants. The ratio of activity in uninfected to infected leaves increased over 
time in the susceptible plants. This ratio, however is lower and remained 
unchanged in the resistant plants (Reuveni et al., 1992). 
Role of peroxidase was analysed spectrophotomelrically for 
Phytophthora canker resistance in Cacao and the results so obtained indicated 
significantly high activity of the enzyme in extracts from inoculated and wounded 
as opposed to those from healthy tissues. Starch gel electrophoresis of peroxidase 
indicated differences in banding pattern / band-intensity among the genotypes and 
also between inoculated and uninoculated stems (Okey et al., 1997). The 
susceptibility of grapevine {Vitis vinifera) to downy mildew caused by Plasmopara 
viticola was evaluated and it was found that resistance was related to the increase 
in peroxidase activity (Revueni, 1998). Peroxidase activity during susceptible and 
resistant interactions between cassava (Manihot esculenta) and Xanthomonas 
axonopodis pv. Manihotis and Xanthomonas cassavae was studied and it was 
found that there was a twofold increase in cell wall-bound peroxidase activity, 
which may be related to lignin deposition (Pereira et al, 2000). 
2.11 Genetic varibility, herkability, genetic advance and correlation 
studies 
Several refrences regarding the studies on variability, heritability and 
genetic advance have been reported in opium poppy. It was found by Khanna and 
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Singh (1975) that if there was increase in number of capsules with bigger size, the 
yield of opium was also found to increase and hence positive correlation between 
opium yield and number of capsules was also found. The similar type of results 
were also concluded by Saini and Kaicker (1982) that with the increase in number 
of capsules, capsules size, husk yield and seed yield there was increase in opium 
yield. Although, the negative correlation between leaf size and days to flowering 
and plant height was observed. Shukla and Khanna (1987) studied correlation and 
path coefficient analysis of 190 genotypes consisting of 10 parents, 90 Fi's and 
F2's of opium poppy {Papaver somnoferum L.) and found a positive and significant 
genotypic asociation of opium yield with stem diameter, capsule number and seed 
weight. Plant height and days to flowering, which showed negative genotypic 
correlation had a negative direct path towards opium yield. It is very clear from the 
study that plants with less height, more stem diameter, high capsule number and 
capsule size and particularly larger seed weight would be the most desirable 
genotypes for breeding for higher opium yield. Moderate heritability and low 
genetic advance for morphine, codeine content were observed by Lai and Sharma 
(1991). They also reported very high heritability for characters like flowering time, 
maturity time and plant height and low to medium heritability for seed yield. 
Bhandari et al. (1997) reported that for latex yield, morphine content and 
seed yield, the genotypic coefficient of variation and heritability values were found 
low. However the values were found higher for capsule breadth and capsule 
y number. Bajpai et al. (1999) reported positive correlation between seed yield and 
oil content, oelic acid and palmatic acid. However, seed yield and plant height 
were found to be negatively correlated with morphine content. Later negative 
correlation between seed yield and plant height with percent morphine content 
were reported. The study conducted by Bajpai et al. (2000) revealed that plants of 
high morphine content were generally small in height, and bore white flowers and 
large sized ungrooved capsules with a small number of seeds, on a large peduncle. 
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A significant positive correlation between seed yield and plant height in opium 
poppy was also observed during the same study. 
2.12 Gene intraction studies 
Shukia et al. (1994) carried out experiments for crosses (NBRI 1 x BR 
222) and (NBRI 2 x BR 222) to study gene actions involved in the inheritance of 
morphine alkaloids (morphine, codeine and thebaine) in opium poppy (Papaver 
somniferum L.). Non-significant chi-square ( x^ ) values showed the validity of 
additive-dominance model. Dominance (h) effect was higher than additive (d) gene 
effects for most of the characters. Df genie interactions indicated the prevalance of 
additive x additive (I) gene effects for morphine and dominance x dominance (I) 
for codeine and thebaine in both the crosses. The significance of dominance (h) 
and dominance x dominance intraction indicated duplicate gene action for all the 
morphine alkaloids. Khanna and Shukia (1989) again conducted an experiment for 
to find out gene action for yield and its componenets in opium poppy 
{Papaver somniferum L.) through diallel analysis in Fi and F2 generations for 
characters like plant height (cm), days to flower, days to maturity, capsules per 
plant, capsule size (cm ), dry weight of plant, dry opium weight per plant (mg), 
seed weight per plant (g) and morphine (%) in opium. Most of the traits in F| as 
well as F2 showed significant additive, dominance or non allelic interaction effects, 
as evidenced by the general and specific combining abilities for different 
characters. Hence reciprocal recurrent-selection may prove most suitable for crop 
inpoiVement in opium poppy. 
Lai and Sharma (1991) carried out the experiments in opium poppy and 
on the basis of numerical and graphical analysis of 6 x 6 diallel crosses reported 
dominance for latex yield and morphine, codeine, thebaine and narcotine contents. 
Howerver, the additive component was also significant for former three traits. 
Dominant alleles mostly with positive effects were by and large, asymetrically 
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distributed in parents except for narcotine content. Singh et al. (2000), evaluted 
two sets of crosses for genetic parameters in opium poppy {Papaver somniferum 
L.) which revealed the importance of dominance component of genetic variance 
for straw yield and seed yield per plant and morphine content in straw. The 
presence of additive component along with high heritability estimates, for capsule 
number per plant and percent morphine content provides scope for direct selection 
for these traits. However studies on inheritance of four metric traits namely, 
capsule per plant, seed yield per plant, straw yileld per plant and fixed oil content 
(%) revealed that the additive - dominance model alone was not adequate enough 
to explain the gene effects involved in controlling these traits. Further, adequacy of 
the first order interactions (digenic) indicated the importance of epistatic 
components in inheritance of these traits. Besides dominance, duplicate type of 
epistasis was found more important. 
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MATERIALS AND 
METHODS 
CHAPTERS 
MATERIALS AND METHODS 
3.1 Plant Material 
Total 159 accessions of opium poppy (Papaver somniferum L.) 
germplasm collected and maintained in the National Gene Bank of Medicinal and 
Aromatic Plants at Central Institute of Medicinal and Aromatic Plants, CIMAP, 
Lucknow were used in the experiment for screening against damping-off caused by 
Pythium dissotocum under field and glasshouse conditions. Of these, 138 
accessions were of morphologically distinct inbred lines, twelve selections, seven 
commercial varieties, one introduction from Madhya Pradesh and one from 
Thailand. Out of total 159 accessions, 35 accessions were selected on the basis of 
their yield performance (seed yield per plant and morphine content in straw) and 
disease index. Of these 35 selections, seven accessions including two resistant 
sources for Pythium dissotocum (Ib-38 and M- 488) and five susceptible accessions 
(H- 9, IS-22, SPS-23, Thailand, Jawahar - 16) with distinct morphological and 
physiological markers were used for genetic studies and were involved in the 
hybridization programme for making of all possible reciprocal crosses (Fig 1,2,3 & 
4). Source of origin of the selected 35 accessions and their distinguishing 
characters are given in Table - 1. 
3.2 Field Experiments 
The field experiments were conducted during rabi season from 1996 - 97 
to 2000 - 2001 at the experimental farm of Central Institute of Medicinal and 
Aromatic Plants, Lucknow India, which has semi arid to sub tropical climate with 
severely hot summers and fairly cool winters and is placed at latitude of 26.5° N, 
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longitude of 80.5° E and is 120 m above the sea level. During the period of 
experiment the minimum temperature ranged between 6.5° - 22° C. The relative 
humidity (RH) ranged between 50 - 60 % and 20 - 25 % of the total rainfall was 
recorded during January to February period. 
The soil characteristics of the experimental plot as estimated before 
sowing were recorded as pH = 8.0, organic carbon = 0.30%, exchangeable 
sodium = 9.5 %, electrical conductivity = 1.22ds / m; KMn04 extractable 
N = 75Kg / ha; extractable P = 12Kg/ha; NH4OAC extractable K = 135Kg/ha; 
cation exchange capacity = 9.5 mol ( + ) /Kg. Climatic conditions during the crop 
seasons from October 97 to April 2001 are presented in Table - 2. 
3.2.1 Screening of opium poppy accessions in the field 
All the available 159 accessions of opium poppy were screened for 
damping-off disease during the rabi season of 1996 - 97. 
3.2.1.1 Lay out of the field experiment during 1996 - 97 
The field experiment was laid in randomized block design (RBD). The 
seeds of each accession were sown in two rows of 3 m long in two replications. 
The field plots were prepared in October by ploughing and harrowing to obtain a 
fine tilth. Farmyard manure @ 20 t / ha was mixed into the soil by reploughing the 
plot. The sowing was done during the second week of November. Pre-sowing 
irrigation was applied 5 - 6 days before sowing. The chemical fertilizers were 
applied and the field was lightly harrowed and planked on the day of sowing. 
Nitrogen (N). Phosphorus (P) and Potassium (K) were used @ 100, 50 and 
50 kg/ha respectively. The P and K fertilizers were applied as basal dose to the soil 
just before sowing. The N was applied as urea and DAP (di-ammonium phosphate) 
while DAP was applied as basal dose, urea was applied in three equal splits (a) at 
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the time of sowing, (b) when the plants were in their rosette stage and (c) at 
flowering stage .To maintain a plant to plant distance of about 10 cm, the rows 
were thinned when seedlings were 2 - 3 weeks old. At the same time the field was 
manually weeded and irrigated. The second irrigation was given after 6 weeks and 
the third at the time of initiation of flowering. The single plants were harvested 
plot-wise in the second week of April when the day /night temperature ranged 
between 34 - 407 20 - 30° C. Harvesting of each selfed plant was carried out 
separately to obtain the pure seeds. 
3.2.1.2 Recording of data for damping-off in the field 
The data was recorded after 1 5 - 2 0 days of the germination. Each row 
was observed and seedlings were plucked at five different places from each row, 
washed thoroughly in water and disease reactions were observed on the basis of 0-
4 arbitrary scale. Where, 0 = no visible reactions, 1 = very few minute necrotic 
lesions of limited growth on the roots, no chlorosis, I.l - 2.0 = few necrotic 
lesions on the roots with chlorotic symptoms only on the lower leaves, 
2.1 - 3.0 = many dark brown necrotic lesions on the roots with distinctly visible 
chlorotic symptoms , 3.1 - 4.0 = entire root system with dark brown necrotic and 
brown symptoms leading to sudden death of infected seedlings. Disease severity 
index (DSI) was calculated with the help of the given formula (Bansal et al., 1994). 
Z (no. of plants in a disease scale category x disease scale category) 
DSI = 
(Total no. of plants x maximum disease scale category) 
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3.2.2 Selection of parents and development of hybrids 
During the rabi season of 1996-97, 159 accessions of opium poppy were 
screened under field conditions. In the next season the selected 35 accessions were 
screened and on the basis of disease reactions observed for two consecutive years. 
Only two accessions viz. lb- 38 and M-488 were found to be resistant and were 
selected as resistant parents. Other high seed and alkaloid yielding genotypes 
(SPS-23, H-9, IS-22 and Thailand) including a commercial variety (Jawahar-16) 
were selected as susceptible parents (Fig 1 & 2). All possible reciprocal crosses 
were made during 1997-98 and 1998-99 seasons to obtain Fj hybrid seeds. 
3.2.3 Development of different generations of crosses 
The Fi seeds so obtained were sown during 1998 - 99 season and F| 
plants were selfed as well as crossed with either of parent during the same season 
to obtain F2 and backcross generations (Bi and B2). In the year 1999 - 2000 the 
available F2 and backcrosses were screened and more crosses were attempted 
which could not be obtained during the previous years. 
3.2.4 Selection of desirable accessions and assessment of variability 
among the genotypes 
Out of the total 159 accessions screened during the year 1996 - 97 only 
35 desirable accessions were selected for assessing the variability among them for 
different characterstics. These include 14 inbreds, 7 released varieties, 12 
selections, one introduction from Madhya Pradesh and one from Thailand 
(Table 7 & 8). 
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3.2.4.1 Layout of the experiment during 1997 - 98 
The experiment was laid during the year 1997 - 98 where 35 genotypes 
were sown in a RBD trial with 3 replications in 2 x 2 m plots , the row to row 
distance was kept 50 cm . 
3.2.4.2 Recording of data 
The data were recorded on the following traits including disease reactions 
for damping-off. The data for all the traits were recorded on 5 randomly chosen 
plants, which were labeled in each replication for characterization of each 
genotypes. 
3.2.4.2.1 Plant height (cm) 
Plant height was recorded from the ground level to the top of the main 
(central) capsule at maturity . 
3.2.4.2.2 Days to 50% flowering 
The number of days were counted from the day of sowing to the day 
when 50 % of plants flowered . 
3.2.4.2.3 Days to maturity: 
Number of days were counted from the day of sowing to the day when 
the crop was fijlly mature. 
3.2.4.2.4 Number of leaves per plants: 
Number of leaves per plant were counted at the end of the vegetative 
phase. 
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3.2.4.2.5 Leaf area per plant (cm^): 
Fresh leaves were collected from the selected plant in each row. Only 3'^ '' 
leaf from the peduncle was taken for this and leaf area was measured by 3100 LAI 
Leaf area meter. 
3.2.4.2.6 Peduncle length per plants (cm): 
Length of peduncle was measured on maturity and only central peduncle 
was chosen for recording the length in each tagged plant. 
3.2.4.2.7 Number of capsules per plant: 
Number of capsules per plant were recorded on all the tagged plants. 
3.2.4.2.8 Number of stigmatlc rays on main capsule: 
Number of stigmatic rays were counted only on the main capsule of each 
tagged plant. 
3.2.4.2.9 Straw yield per plant (g): 
Straw yield was estimated by weighing whole peduncle along with the 
empty capsule. 
3.2.4.2.10 Seed yield per plant ( g ) : 
Weight of the seeds from each capsule of the selected plant was taken 
with the help of electronic balance ( METTLER TOLEDO PB 602 ) . 
42 
3.2.4.2.11 Chlorophyll content in leaves : 
Chlorophyll 'a' and 'b' are present in the leaves. 0.2 g of the tissue (3 '' 
leaf from top of the main branch) was extracted with 25 ml of 80 % acetone and 
absorbance was recorded at 663 nm and 645 nm with Spectronic 21 D 
spectrophotometer. From the absorbence values, amount of chlorophyll was 
calculated by the method given by Amon (1949 ). 
Chl.a = 12.7 X A 663 - 2.69 x A 645 x [ V/1000 W ] 
Chi. b= 22.9 X A 645 - 4.68 x A663 x [ V/1000 W ] 
Chl.a + b = 20.2 x A 645 + 8.02 x A 663 x [V/1000 W ] 
Where, [ V / 1000 W ] is constant which is equivalent to 0 .125; V = volume of 
extract in ml; W = fresh weight of leaf tissue . 
3.2.4.2.12 Oil content in seeds : 
Total oil was estimated by soxhslet apparatus. Seed oil was extracted 
from the crushed seeds (10 g of each plant) in a soxhlet apparatus with petroleum 
ether (40 - 60° C) and was concentrated in a flask evaporator (Bucchi's B - 480, 
R - 114, A - 35, EYELA), The resultant oil was transferred into pre weighed 
bottles and was kept in a dessicator till the weight became constant. The weight of 
oil was used to determine the percent concentration of oil in the seeds as follows: 
Weight of oil 
Oil(%) = X 100 
Weight of seed sample 
3.2.4.2.13 Estimation of Nitrogen and seed protien content (%): 
Nitrogen was estimated in seeds by Kjeldhal method. 25 g of seeds were 
dried at 75°C for 48 h in oven. Predigestion of these seeds was done in 5 ml of 
concentrated H2SO4 in 25 ml flatbottom flasks for overnight then digestion was 
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carried out on electric furnace by adding H2O2 drop by drop till it becomes 
colourless. The modified micro Kjeldhal method as followed by Jackson (1973) 
was adopted for analysing the total nitrogen content in the sample and then 
multiplied with factor 6.25 to obtain total seed protien content (%). 
3.2.4.2.14 Morphine content in straw (%): 
Estimation of morphine was done by the method adopted by Gupta and 
Verma (1996). The empty capsules alongwith their penducle were shade dried for 
20 days. They were then crushed, ground and sieved through 2 mm sieve to obtain 
fine powder. 0,2 g of the powder was then soaked in 10 ml of methanol for the 
period of 12 hr for extracting the alkaloid and filtered using Whatman #1 filter 
paper. The filtrate was dried on a water bath maintained at 90°C. After that TLC 
analysis was done, using DESAGA densitometer (Gupta and Verma , 1996 ; 
Wagner e r a / . , 1984). 
3.2.4.2.15 Peroxidase activity in leaf tissue: 
Peroxidase (EC 1111-7) activity was determined according to the 
method of Shannon et al. (1966). For determining of peroxidase activity in leaf 
tissues, 0.5 g of leaf tissue from young leaves (3'^ '' leaf from the top) was 
homogenized in 5 ml of 20 mM potassium phosphate buffer (pH 7.0) containing 10 
% insoluble polyvinyl polypyrrolidine. The homogenate was then centrifuged at 
20,000 rpm for 45 min. and the clear supernatant thus obtained was used for the 
assay of enzyme activity. The assay system for peroxidase is described below. 
The reaction mixture in a final volume of 4 ml consisted of 2.55 ml of 50 
mM potassium phosphate buffer (pH 7.0). 1.25 ml methanolic solution (0.1 mg / 
ml) of ortho-dianisidine, 0.1 ml of hydrogen peroxide (6 %) and 0.1 ml of the 
enzyme extract. The reaction was initiated by the addition of enzyme extract and 
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appearance of oxidized dianisidine was measured at 460 nm at 25°C for 60/120 
seconds using Spectronic 21 D UV / vis spectrophotometer. Enzyme activity has 
been expressed as change in absorbance at 460 nm per min. 
3.2.4.2.16 Disease severity index: 
The symptoms of the damping-off disease were scored on 0 - 4 arbitrary 
scale and disease severity index was calculated according to Bansal et al., 1994. 
3.2.4.3 Analysis of data and calculation of biometrical parameters 
3.2.4.3.1 Assessment of variability among genotypes: 
Analysis of variance (ANOVA) was carried out and critical differences 
(CD) were calculated at 5% and 1% level of significance where, 
CD = V (2 X MSE / r) X t at 5 % and 1 % level of significance 
MSB = mean sum of squares due to error 
R = number of replication 
t = Students t value at 5 % and 1% level ( Fisher and Yates statistical table) 
3.2.4.3.2 Assessment of components of variance among genotypes: 
i) Genotypic variance was calculated as follows: 
(MSG - MSE ) 
a^g -
r 
Where MSG = mean sum of squares of genotypes 
MSE = mean sum of squares due to error 
r = number of replications 
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ii) Phenotypic Variance was calculated as 
3.2.4.3.3 Estimation of selection parameters : 
i) Heritability ( h^ ) : 
Heritability estimate is used to determine weather the observable 
phenotypic difference among individuals for a trait is due to genetic changes or the 
modifying effects of environmental factors. As it is a good index of the 
transmission of attributes from parents to offspring, it helps in selecting elite 
genotypes in a diverse population. Heritability estimate, in broad sence, (h^  b) was 
calculated as the ratio of genotypic variance to total variance as given below: 
7 7 9 
h b = o g / o p 
ii) Genetic advance: 
Genetic advance (GA) refers to the improvement in mean genotypic value 
of the selected plants over the parental population. GA in a trait is defined as the 
product of the heritability and selection differential expressed in terms of its 
phenotypic standard deviation as 
GA = i X h b X o 
Where, i is the standardized selection differential (i.e. the difference in the mean 
performance of the genotypes from the base population mean at 1% selection 
intensity i.e., i = 2.64 
h^  b and a p are the usual notations . 
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iii) Character correlations: 
The correlation coefficients (degree of inter-relationship between two 
characters) at genotypic and phenotypic levels were calculated by the method 
given by Milld- et al. (1958). 
Genotypic correlation coefficient r g = a g i g2 / (o g i x a g2) 
Phenotypic correlation coefficient r p = a pi p2 / (a pi x o p2) 
Where, o g i g 2 is the genotypic covariance between characters 1 and 2 
o p 1 p2 is the phenotypic covariance between characters 1 and 2 
The test of significance of the correlation coefficients were done using 
Fisher and Yates table reproduced by Amble (1975) for n-2 d f where, n is the 
number of genotypes. 
3.2.5 Laying out of generation means experiment and recording of 
data 
All generations of the crosses (P|, P2, Fi, F2, B| and B2) of only two 
crosses could be made which were layed out for generation means analysis. The 
seeds were sown in 2 x 3 m plots in 3 replications with row to row distance of 50 
cm. The data were recorded on following traits -
i) Plant height (cm) 
ii) Number of capsules per plant 
iii) Seed yield per plant (g) 
iv) Straw yield per plant (g) 
v) Chlorophyll content in leaves (mg / g fresh weight) 
vi) Morphine content in straw (%) 
vii) Peroxidase activity in leaves (A460 min"' g"' fresh weight) 
viii) Disease severity index (DSI) for damping-off 
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3.2.5.1 Generation Means Analysis 
Joint scaling test of Cavalli (1952) was used to test the adequacy of the 
additive-dominance model for both the crosses. In this method observed means of 
the six generations were used to estimate m, d and h for each of the eight 
characters in each cross. These estimates were then used to obtain the expected 
values of the six generations. Observed and expected means were compared to test 
theadequacy of the model and X values at 3 d f were calculated. 
Since the additive dominance-model was found to be inadequate for most 
of the characters therefore, six parameter model of Jinlc and Jones (1958) was used 
A 
on the same data for the estimation of various genetic components which are as 
follows: 
m = mean = F2 
d = additive effect = Bi - §2 
h = dominance effect = F , - 4 F2-I/2 P, +'/z P2 + 2 Bi + 2 B2 
i = additive x additive type of gene interaction = 2 B | + 2 B2-4 F2 
j =additivexdominance type of gene interaction = 2 B | - P i - 2 B2 + P2 
1 = dominance x dominance type of gene interaction = Pi+ P2+2 F2-4 B | - 4 B2 
The variances of the above parameters were obtained as follows: 
Vm = V( F2) 
Vd = V( B,) + V( B2) 
Vh = V ( F,) + 16 V ( F2) + 1/4V ( P,) + 1/4V ( P2) + 4V ( B,) + 4V ( %) 
Vi=4V( B,) + 4V( 62)+ 16 V( F2) 
Vj = 4V( B,) + V( P,) + 4V( B2) + V( P2) 
VI = V ( P,) + V ( P2) + 4V ( F,) + 16V ( F2) + 16V ( B,) + 16V ( B2) 
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The standard errors of the estimates were obtained by taking square root 
of their variance and the 't' test was applied at the error degrees of freedom for 
testing their significance. 
In the absence of epistasis three parameter model (Jinks and Jones, 1958) 
was used for the estimation of m, d and h components: 
m = V2 P, + 1/2 P2 + 4 F2 - 2 B, -2 B2 
d = '/2 P, - V2 P2 
h = 6 B, + 6 B2-8 F2- F i - 3 / 2 P , - 3 / 2 P2 
The variances of the estimates m, d and h were computed using following 
formulae: 
Vm = '/4 V Pi + '/4 V P2 + 16V F2 + 4V B, + 4V B2 
Vb = '/4 V P, + 1/4 V P2 
Vh = 36V B, +36V 63 +64V F2 +V F, + 9/4 V P, +9/4 V P2 
The standard errors of the estimates were obtained by taking square root 
of their variance and the significance was tested by 't' test at error degrees of 
freedom. 
3.3 Glasshouse experiments 
3.3.1 Screening of opium poppy accessions against Pythium dissotocum 
All the 159 accessions were screened in pots under epiphytotic conditions 
in glasshouse during 1996 - 97 season. 
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3.3.1.ICollection of the inoculum: 
Samples of the infected opium poppy seedlings showing typical 
symptoms of the damping-off disease were collected from the experimental field of 
opium poppy at CIMAP, Lucknow as well as from commercial fields of Lucknow 
and Barabanki districts in U .P., India. 
3.3.1.2 Isolation of the pathogen from infected opium poppy seedlings: 
Roots of the infected seedlings were washed gently in running tap water, 
surface disinfected in 1% NaOCl, rinsed thrice in sterilised distilled water, and 
blotted dry on sterile paper towels. Pieces of infected tissue were placed in 
Petriplates on com meal agar (CMA) amended with combination of 30 mg 
rifampicin, Na salt + lO^g ml'' benomyl + lO i^g ml"' pimaracin. After 48 hr of 
incubation at 25 ±2° C, hyphal tips of colonies of Pythium spp. growing around 
infected tissues were transferred to CMA and Pythium selective sucrose, aspargine, 
pentachloronitrobenzene, benomyl, neomycin, chloroamphenicol agar medium 
(Christine et a/.,^1982). The plates were stored at 24°C and examined once every 
24 hr for 4 days. Emerging fungal colonies were transfered each day to fresh PDA 
for identification. , , / ^V •-
3.3.1.3 Identification and characterization of the isolate oi Pythium 
Identification was based on the characterstics given in the monograph of 
Plaats-Niterink (1981). The fungus produced sparse, white cottony growth with 
abundant reproductive structures. Growth rate on CMA, potato - dextrose - agar 
(PDA) and water - agar (WA) was 30 - 35 mm, 35 - 40 mm and 40 - 42 mm in 
24h, respectively. Sporangia were filamentous, slightly inflated with discharge 
tubes up to 10 |im long and 4 i^m wide. Oogonia were terminal or intercalary, 
spherical, 19 - 24 |i m ( x 22 \xm) in size. Many oogonia were apparently abortive. 
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There were 1 - 3 antheridia per oogonium, which were sessile and originated 
immediately below the oogonial stalk. Single oospores per oogonium was seen and 
size of oospore ranged between 17 - 20 jim ( x 19.2 jim) with 1.3 jim thick walls. 
Based on the morphological studies, the pathogen was identified as Pythium 
dissotocum Drechsler. The identification of an isolate (C - 80) of the pathogen was 
later confirmed by CAB International Mycological Institute (CABIMI), Kew, 
England with IMI No 344534. 
3.3.1.4 Establishment of pathogenicity by Pythium dissotocum: 
Experiments were carried out to establish the pathogenicity of isolate of 
Pythium dissotocum obtained during the course of isolation from infected 
seedlings. Seeds of commonly grown variety of opium poppy were disinfected in 
1% NaOCl solution, rinsed thrice in sterile distilled water, and sown in clay 
saucers of 40 cm diameter. The seedling density was kept 3 seedlings per saucer. 
The potting medium was soil : FYM in 2 : 1 ratio, autoclaved twice at 121 °C for 
90 minutes . Plants were grown under glasshouse condition and watered when 
required. At 2 - 3 leaf stage, the plants were inoculated and kept in humidity 
chamber for 36 h. The disease reaction on the roots was similar to those observed 
on infected seedlings of opium poppy in the field. The pathogenicity of the fungus 
was determined by reisolation of the fungus from these seedlings which confirmed 
Koch's postulates. 
3.3.1.5 Preservation of the inoculum and preparation of mass inoculum for 
screening of opium poppy accessions 
The isolate named (C - 80) was preserved on PDA slants under mineral 
oil at 20°C. For preparing mass inoculum, isolate C - 80 of P. dissotocum was 
grown on potato dextrose agar medium in petridishes (9 cm diameter) at room 
temperature in the laboratory with regular fluorescent lighting. The inoculum 
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consisted of 5mm-diameter discs cut with a cork borer from two concentric circles 
1 - 1.5 cm from the edge of the culture which were used to inoculate the moist 
sterilized sand^sQil, cornflakes (6:3:1 v/v) mixture in 500 ml Erlenmeyer flask 
(Chun et o .^, 15^7). This mixture was incubated for 5 - 7 days at 12° C to promote 
mycelialysis. This infested mixture was air dried, ground in a mortar with a pestle, 
and stored at 1 \^C until used for inoculation (Fig - 5). 
3.3.1.6 Raising of opium poppy plants in pots and layout of the experiment 
(1996 - 97) 
Seeds of 159 accessions of opium poppy were sown in 6" diameter pots 
and experiment was carried out in three replicates along with control. The pots 
were filled with approximately 3Kg of soil and FYM in 2:1 ratio .The pots were 
flooded with sterile water a day before sowing and kept at the plateform of the 
glasshouse. 
3.3.1.7 Inoculation procedure 
The isolate (C-80) grown on sand : soil : cornflakes mixture in 
Erylenmayer flasks was homogenised and 25 g of it was mixed in the pots at 2 - 3 
leaf stage of the opium poppy plants. The pots were then irrigated with sterilized 
water. Commeal-sand culture without inoculum was similarly spread on the topsoil 
of pots, which acted as control. The inoculum load was estimated using modified 
method of Liddel et al.\9%9 where the inoculum was mixed with washed 
autoclaved sand in 1:1 (w/w) and incubated for two days at room temperature. 0.2 
g of this was then diluted with 9.8 ml of sterile distilled water and were then plated 
on one quarter strength PDA to estimate the number of colony forming unit per 
gram of sand, which was estimated to be -150 cfu / g of the inoculum.. 
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All the inoculated as well as control pots were kept in the humidity chamber 
(25 ± 2°C, RH 95%) for 36h and then the pots were taken out and kept on benches 
in the glasshouse for 2 - 3 days for the development of the disease reactions. 
3.3.1.8 Scoring of disease reactions and calculation of DSI 
The data was scored on each and every seedling of the pots 
after uprooting the seedlings and washing them in tap water. 
Different types of disease reactions were observed on 0 - 4 
arbitrary scale. Complete degradation of seedlings including dark 
brown necrotic lesions on entire root system accompanied with 
drying and death of the infected plant were graded as 4 reaction 
type, where as the roots having lesser number of necrotic lesions 
and not proceeding much on the entire root length with distinctly 
visible chlorotic symptoms were kept under grade 3. Roots having 
few necrotic lesions with chlorotic symptoms on the lower leaves 
were marked under grade 2. The roots showing very minute brown 
necrotic lesions of limited growth confined towards the tip region 
with no visible chlorosis were considered under grade 1. The 
seedlings under grade 0 reveal altogether absence of necrotic 
lesions on the roots (Fig 9 & 10). Disease severity index was 
calculated for each of the accessions with the help of formula 
earlier used in field screening (Bansal et al., 1994). The 
accessions with DSI ranging from 0 - 1 . 0 were considered as 
resistant; 1.1 - 2.0 as tolerant; 2.1 - 3.0 as susceptible and 
3.1 - 4.0 as highly susceptible. 
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3.3.2 Screening of selected accessions of opium poppy and 
assessment of variability for disease reactions among 
genotypes 
3.3.2.1 Layout of the experiment during 1997 - 98 
The selected 35 accessions (Table - 6) were sown in pots. Four 
replications of each accession were sown keeping one replication set as control and 
pots were kept in the glasshouse under controlled environmental conditions. The 
inoculum was applied when the seedlings were at 2 - 3 leaf stage. 
3.3.2.2 Scoring of disease reactions 
The disease reactions for each accession were observed on 0 - 4 arbitrary 
scale as done during the previous year. The disease severity was calculated by the 
formula as explained before and statistical analysis was carried out as described 
earlier for field experiments to assess the variability for disease reactions. 
3.3.3 Screening of parents and different generations of the crosses 
3.3.3.1 Scoring of disease reactions on different generations of the crosses 
during 2000 - 2001 and analysis of the genetic ratios: 
All the generations including the seven parents (2 resistant and 5 
susceptible) were sown in pots under glasshouse conditions. The inoculation was 
performed at the 2 - 3 leaf stage. 25 g of infested commeal-sand culture having 
nearly 150 cfu / g was evenly spread on the top soil of each pot and then the pots 
were irrigated properly with sterilized water. The disease reactions were scored on 
0 - 4 arbitrary scale. Frequency distribution was carried out taking disease score 
ranging from 0 - 1 as resistant and 1.1 to 4.0 as susceptible. 
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Chi square test was used to test the segregation ratios in different 
generations of the crosses 
(0 -E ) ( A . ' ' . . > 
S = Summation taken over all 
O = Observed frequency 
E = Expected frequency 
3.3.4 Recording of DSI on different generations of the two crosses 
during 2000 - 2001 and their assesment through generation 
means analysis (GMA) 
Six generations (Pi, P2, F|, F2, B] and B2) of two cross combinations 
(Ib-38 X Jawahar-16 and Ib-38 x H-9) were sown in pots in three replications under 
glasshouse conditions. Inoculations were carried out as described before. The 
disease reactions were scored on 0 - 4 scale and DSI for damping-off was 
calculated according to Bansal et al. 1994 as described during previous years. 
Generation means analysis was carried out on these DSI values of different 
generations of the crosses for damping-off and estimates of gene effects were 
calculated using joint scaling test of Cavalli, 1952 and six parameter model of Jinksr 
and Jones 1958 as described previously for field experiments. 
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EXPERIMENTAL 
RESULTS 
CHAPTER - 4 
EXPERIMENTAL RESULTS 
During the year 1996-97 all the available accessions of opium poppy 
(159) were screened both in the field under natural inoculum conditions and in 
glasshouse under epiphytotic conditions. The disease severity index (DSI) was 
calculated for each accession and they were categorized as resistant (R), tolerant 
(T), susceptible (S) and highly susceptible (HS). 
The resistant accessions with DSI ranging from 0 - 1 possessed very few 
minute necrotic lesions of limited growth on the roots (Fig - 9 A) whereas in 
tolerant accessions the DSI ranged from 1.1 - 2.0 and the roots develop necrotic 
lesions with chlorotic symptoms only on the lower leaves (Fig - 9 B). DSI of 
susceptible accessions ranged from 2.1 - 3.0 and there were dark brown necrotic 
lesions on the roots with distinctly visible chlorotic symptoms (Fig - 10 A). The 
highly susceptible accessions with DSI 3.1 - 4.0 possessed dark brown necrotic 
lesions on the entire root leading to sudden death of infected seedlings (Fig -10 B). 
Total 35 accessions were selected out of 159 accessions on the basis of disease 
reactions, seed yield per plant and morphine content in straw (Tables - 3 & 5). 
Data were recorded on these selected 35 accessions for sixteen morphological, 
physiological, biochemicial and chemical traits in replicated trials both under field 
and glasshouse conditions to assess variability among the genotypes. Two 
accessions (Ib-38 and M-488) showing high level of resistance reactions for 
Pythium dissotocum (isolate C-80) were involved in the crossing programme and 
different generations of the crosses were developed which were used to study the 
genetics of damping-off resistance and gene intraction for various morphological, 
physiological, biochemical and chemical traits. 
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4.1 Screening of opium poppy accessions for resistance to Pythium 
dissotocum both under field and glasshouse conditions: 
The screening of all the 159 accessions was carried out in field as well as 
in the glasshouse during 1996-97 (Table - 3 & 4). Under the field conditions, three 
accessions viz. 1-14, Ib-38 and M-488 were found resistant. Four accessions 
including two selections viz. T-210-5, T-850, and two released varieties viz. 
Rakshit and Shakti were found tolerant. The rest of the accessions were either 
found susceptible or highly susceptible. This included 98 accessions showing 
susceptible reactions and 54 accessions were found highly susceptible. The 
screening of the same 159 accessions under glasshouse conditions gave somewhat 
different results. Only two accessions (Ib-38 and M-488) were found resistant and 
1-14 along with Ib-57, N-3, S-373, S-383, SPS-49, T-210-5, T-850, Rakshit and 
Shweta Broad were found tolerant. The rest of the 147 accessions were found 
susceptible (58 accessions) or highly susceptible (89 accessions). There was 
difference in the field and glasshouse screening which might be due to the fact that 
in field screening the inoculum load was not uniform in the whole field though 
uniform amount of inoculum was given under glasshouse conditions. Out of 98 
accessions, which were showing susceptible reactions under field conditions, 6 
were found to be tolerant and 41 were found highly susceptible under the 
glasshouse conditions during the same season. However, rest of the susceptible 
accessions remained susceptible both under glasshouse as well as under field 
conditions. The highly susceptible 54 accessions found under field conditions also 
showed highly susceptible reactions under glasshouse conditions except seven^ 
accessions, which behaved as susceptible. It was found that not even a single 
accession out of 54 highly susceptible accessions under field screening gave 
tolerant reactions under glasshouse conditions. 
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4.1.1 Screening of selected 35 accessions for disease reactions under field 
and glasshouse conditions: 
A set of 35 accessions were selected out of 159 accessions on the basis 
of disease reactions, seed yield per plant and morphine content in straw. These 35 
accessions include 14 inbreds, 12 selections, 1 introduction from Madhya Pradesh 
and 1 from Thailand and 7 released varieties which were sown in replicated trials 
both in the field and glasshouse conditions and data were collected for damping-off 
reactions during 1997-98 season (Tables 6 & 7). It was found that only two 
accessions i.e. Ib-38 and M-488 were found resistant both under field and 
glasshouse conditions. 1-14, Ib-57, N-3, T-210-5, T-850 and Rakshit were found 
tolerant in the field. However, under the glasshouse experiments Ib-57 gave 
susceptible reactions and the rest remained tolerant. T-852, on the other hand 
showed tolerant reactions under glasshouse conditions but was found susceptible 
under field conditions. Five inbred lines viz. H-9, IS-18, IS-22, SPS-20 and 
SPS-23 were found susceptible in the field screening. However, H-9 was found 
highly susceptible in the glasshouse screening. Seven selections viz. T-3, T-19, 
T-20-16, T-832, T-852, T-853, T-860 were found susceptible in the field 
screening. Five released varieties, Jawahar-16, Sanchitia, Shubhra, Shyama and 
Vivek were found highly susceptible both in field as well as in glasshouse 
screening. Jiewever two varieties, Shakti and Shweta Broad gave susceptible 
reactions both in field and glasshouse screenings. 
s 
The accessions Ib-38 and M-488 gave resistant response both during 
A 
1996-97 and 1997-98 seasons under field as well as glasshouse screenings. 
However, 1-14 was found resistant in the field screening during 1996-97 and it was 
found tolerant in glasshouse screening during the same year. However, it showed 
tolerant reactions both under field and glasshouse screening during 1997-98 
seasoii. The highly susceptible accessions in the field screening during 1997-98 
viz. SPS-49, T-20-16 and Shyama showed susceptible reactions in the field 
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screening of the previous year. But other accessions showed similar reactions 
during field screening of both the seasons. IS-22 and Shakti showed highly 
susceptible and tolerant reactions respectively in field screening during 1996-97. 
However, both the accessions showed susceptible reactions during 1997-98. The 
accessions Ib-57 and N-3 were listed as susceptible in field screening during 
1996-97. However, both of them showed tolerant reactions during 1997-98. -
T-210-5, T-850, and Rakshit were found tolerant in field screening during both the 
years. H-9, IS-18, SPS-20, SPS-23, T-3, T-19, T-20-16, T-832, T-860, Thailand 
and Viyek showed jjigHjTsusceptible reactions in the field screening during both 
the seasons. 26 out of 35 accessions selected for further screening during 1997-98 
gave similar reaction types during both the seasons. 
In the screening under glasshouse conditions all the^accessions texcept 
T-852/gave tolera^nt reactions during both the seasons. T-852 was found susceptible 
during 1996-97. However, it gave tolerant reactions during 1997-98 season. Out 
of 18 susceptible accessions during 1997-98, 12 accessions (IS-18, lS-22, SPS-20, 
SPS-23, T-3, T-19, T-20-16, T-832, T-853, T-860, Thailand, Shakti) also showed 
similar reactions during the previous season. However, three viz. Ib-57, SPS-49 
and Shweta Broad which were tolerant in the year 1996-97, became susceptible 
during 1997-98 season. Two highly susceptible accessions, Ib-20 and T-854 
during 1996-97 season showed susceptible reactions in the 1997-98 screening. All 
accessions except one (SPS-49) showing highly susceptible reactions during 
1996-97 season also showed similar reactions during 1997-98 season. SPS-49 
showed tolerant reactions during 1996-97, however, it was found to be JjigWj^ 
susceptible during 1997-98. 
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4.2 Assessment of variability among the selected accessions for 
disease reactions (DSI) and other morphological, physiological, 
biochemical and chemical traits: 
The 35 accessions selected on the basis of disease reactions, seed yield 
per plant and morphine content in straw were sown in a replicated trial both in the 
field as well as in the glasshouse. While data were recorded for 16 morphological, 
physiological bio€hemical and chemical traits in the field, the data on disease 
severity index was recorded both under field and glasshouse conditions. The mean 
values of 10 agronomic traits viz. plant height, days to 50% flowering, days to 
maturity, number Ui leaves per plant, leaf area per plant, peduncle length, number 
of capsules per plant, number of stigmatic rays per-plant, straw yield per plant, 
seed yield per plant are presented in Table - 8. The mean values of six biochemical 
and chemical traits are presented in Table - 9. The analysis of variance was carried 
out for all the sixteen characters, which showed highly significant values both at 
5% and 1% level of significance. The "F" values for replications were found to be 
non significant for all the traits signifying the authenticity of the experiment. 
(Table-10) 
A range of variability was observed for all the traits that are individually 
described below. 
4.2.1 Plant height: 
Plant height of all the 35 genotypes ranged between 41.5 cm of M-488 to 
116.4 cm of Thailand. The other genotypes like Shubhra (97.3 cm), H-9 (98.4 cm) 
and SPS-49 (99.3 cm) wereJiaying shorter plant height. However, T-19 (112.9 
cm), T-854 (112.3 cm), T-860 (112.2 cm), T-16 (111.9 cm), CD-31 (111.8 cm), 
Shakti (111.6 cm), Ib-57 (111.3 cm), Ib-20 (110.8 cm), G-52 (110.7 cm), Ib-38 
(110.7 cm) and IS-22 (110.5 cm). 
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4.2.2 Days to 50% flowering: 
The range of mean values for days to 50% flowering was 79.4 days in M-
488 and 102.4 days in Sanchita. The other genotypes which were also early 
flowering genotypes were IS-22, and Rakshit (92.1 and 91.2 days respectively). H-
9 was considered to be the late flowering as the mean value of days to 50% 
flowering was 99.3. N-3 (98.1 days), CD-31 (98.2 days), Shweta Broad (98.2 
days), and Shubhra (98.4 days) were late flowering genotypes. 
4.2.3 Days to maturity: 
Out of the 35 genotypes M-488 was the early maturing genotypes 
(98.7 days) while H-9 was the late maturing (140.6 days). Ib-57 was also late 
maturing (137.5 days). Nearly most of the genotypes attained maturity quite late 
like N-3 (136.4 days), Ib-57 (137.5 days) and Ib-38 (135.7 days). 
4.2.4 Leaves per plant: 
The mean value for this character ranged between 12.3 (Vivek) to 18.9 
•yv."- , 
(T-850). The genotypes having lesser number; of leaves per plant were SPS-49 
(12.8), Shweta Broad (13.1), G-52 (13.4) and Sanchita (13.4) and H-9 (13.8). The 
genotypes possessing higher number of leaves per plant were T-853 (18.2) and 
Shubhra (18.2). T-832 (18.3) and T-852 (18.3). 
4.2.5 Leaf area per plant: 
The genotype 1-14 has beeft fbimd tCT brlraving highly fringed leaves and 
the broadest leaves were that of T-850. Therefore the mean value for leaf area 
ranged between 53.3cm^ in 1-14 to 145^cm^ in T-850.The leaf area of SPS-20 
was 71.5 cm and that of N-3 was 83.3 cm , which was also in lower range and 
morphologically their leaves are fringed. The other genotypes possessing broader 
leaves and thus more leaf area are T-2I0-5 (145.2 cm^), SPS-49 (139.5 cm^), 
Shubhra (139.2 cm^), T-851 (131.7 cm^) and Sanchita (133.0 cm^). 
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4.2.6 Peduncle length: 
M-488 was found to be the dwarf genotype and so the peduncle length 
was shortest (18.9 cm). The highest peduncle length was 27.5 cm recorded for 
T-210-5.The peduncle length of IS-18 was 19.2 cm and that of H-9 was 20.1 cm 
which were considered to be short plant type genotypes. The rest of the genotypes 
had the hormaF peduncle length. 
4.2.7 Number of capsules per plant: 
The mean value of number of capsules per plant ranged between 2.0 to 
3.6. The least number of capsules (2.0) were found in Ib-38, M-488 and N-3. The 
rest of genotypes generally possessed more than two capsules per plant. The 
highest number of capsules ( 4 ^ were observed is T-3, T-16, T-850, Jawahar-16 
and Sanchita. 
4.2.8 Number of stigmatic rays on main capsule: 
The lowest number of stigmatic rays (10.6) on main capsule was found in 
IS-18 which was followed by M-488 (10.7) and the highest number of stigmatic 
rays were observed^ Shubhra .betrfg 19.5; Ral 
more stigmatic rays (18.2 and 17.4 respectively). 
kshit and Shyama also possessed 
4.2.9 Straw yield per plant: 
The mean value for straw yield per plant ranged between 1.8 to 7.5 g / 
plant. The lowest yield was observed in M-488 (1.8 g / plant) and highest for 
Rakhsit (7.5 gl plant). IS-18 (2.1 g /^ plant), IS-22 (2.rg / plant), Vivek (2.2 g / 
plant), CD-31 (2.3 g / plant) and SPS-20 (275 g / plant) were also found to be low 
straw yielding genotypes. However, T-20-16 (7.1 g / plant), T-210-5 (6.8 g / plant) 
and T-§53 (6.8 g / plant) were high straw yielding genotypes. 
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4.2.10 Seed yield per plant: 
The highest seed yield per plant was found in recently released variety 
Rakshit (10.5 g / plant). Next to Rakshit was Shubhra whose seed yield was 10.1 g 
/ plant. T-20-16, T-210-5 were also found to be high yielding genotypes as their 
seed yield per plant was found to be 9.7 g / plant and 9.5 g / plant respectively. 
Lowest seed yield was found in M-488 (2.6 g / plant) 
4.2.11 Chlorophyll content in leaves (mg / g fresh wt): 
H-9 is the chlorophyll mutapt with a yellowish green leaves and it posses"^" 
the least chlorophyll content (0.9 mg /g fresh wt.) in its leaves. Thailand is also of 
greenish yellow type and its chlorophyll content was 1.2 mg /g fresh wt. The rest 
of the 33 genotypes were morphologically green in colour and their chlorophyll 
J 
content was generally more than 1 ^  mg / g fresh wt. T-210-5 and Shubhra were 
also considered under higher range as their chlorophyll content was 2.2 mg / g 
fresh wt, M-488, T-I6, Sanchita and Vivek were found to be having 1.9 mg / g 
fresh wt chlorophyll content. Whereas, Ib-38, SPS-20, T-853, T-860 and Rakshit 
possessed 1.8 mg / g fresh wt. of chlorophyll content which was also in higher 
range. 
4.2.12 Oil content in seeds (%) 
The mean value of oil content in seeds ranged between 31.2% to 49:Y%. 
The lowest oil content was found in IS-18 (31.2%) and highest in recently released 
variety Rakshit (-49:7%). The genotypes havinjg higher oil content in seeds were Ib-
38 (49.7%), T-210-5 (48.7%), Shubhra and T-20-16 (betl^-Jiaidiig 48.4%). 
However, Ib-20 (31.6%), H-9 (32.3%) were the genotypes possessing less 
percentage of oil content in their seeds. 
4.2.13 Protein content in seeds (%) 
There was a wide diffcrcnc 
genotypes. The lowest was found in CD-31 (13.7%) and highest in Rakshit and 
iffere e in protein content among the selected 35 
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Sanchita (both having 36.3%). The genotypes where the protein content in seeds 
was found in lower range were Ib-20 (14.2"%) G-52 (15.4%) and H-9 (15.8%). 
Shubhra (35.9%), T-850 (35.5%) and Shyama (35.3%) were the genotypes where 
the protein content in seeds was found to be in the higher range. 
4.2.14 Morphine content in straw (%) 
The morphine content was estimated in cocentrated poppy straw (cps) 
and Rakshit along with T-20-16, T-210-5, T-850, Shubhra and Shyama were found 
to be having 0.7% morphine content. There was not much difference in morphine 
content among the genotypes. The mean value ranged between 0.35% to 0.7%. 
CD-'31, G-52, IS-Ts, T-^, T-19, T-854 and T-860 were the genotypes where 0.3% 
morphine content straw was estimated in cps. 
A 
4.2.15 7 Peroxidase activity in leaves (A460 min / g fresh wt) 
Peroxidase activity in leaves was always higher in resistant plants in 
comparison to susceptible one**. The highest peroxidase activity in leaves was 
found IS-22 (0.9) followed by Ib-38 (0.8). The least peroxidase activity was 
observed in CD-31, H-9, Ib-20, IS-18, N-3, T-9, T-853, T-854, T-860, Thailand, 
Sanchita, Shakti, Shubhra, Shweta broad, Shyama and Vivek (all having 0.3). 
4.2.16 Disease severity index: 
The disease reactions for damping-off disease of opium poppy were 
scored on 0 - 4 scale and disease severity index (DSI) was calculated by equation 
(1). C)n the basis of DSI the reaction types of the genotypes were detemiined where 
0 - 1 = resistant, 1.1 - 2.0 = tolerant, 2.1 - 3.0 = susceptible and 3.1 - 4.0 = highly 
susceptible. The mean value of DSI ranged between 0.7 to 3.6.The DSI of M-488 
and Ib-38 was found to be 0.7 and they were identified as the resistant genotypes 
among the selected 35 genotypes. The highest DSI was that of G-52 and H-9 (both 
having 3.6). The other highly susceptible genotypes were CD-3! (3 .^ . T-I6 and 
Sanchita (3.5), Jawahar-16, Shubhra. Shyama and Vivek (all having 3.4) and 
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T-851 (3.2). The tolerant genotypes were 1-14 (l.'S), T-850 (1.6), Rakshit (1.6), T-
210-5 (1.8) and T-852 (1.9). 
4.3 Assessment of selection parameters: 
Genotypic and phenotypic variances were computed to calculate the 
following selection parameters-
4.3.1 Heritability estimates: 
The heritability was estimated in broad sense (h b) for all the 16 traits. 
The maximum broad sense heritability (>95 %) was found for plant height, days to 
maturity, leaf area per plant, protein content in seeds, morphine content in straw 
and disease severity index for damping-off. The heritability was found in the range 
of 85-95 % for characters like days to 5()% flowering, number of stigmatic rays on 
main capsule, straw yield per plant, seed yield per plant, chlorophyll content in 
leaves, oil content in" seeds, and peroxitlase activity in leaves. However, the 
heritability was found to be below 80% for characters like leaves per plant, 
peduncle length and number of capsules per plant. The heritability for number of 
capsules per plant was found to be the lowest (35%). (Table - 11) 
4.3.2 Genetic advance: 
The genetic advance was calculated as genetie-advaacc as percent of 
means and it ranged from 7.2 for days to 50 % flowering to 78.6 for straw yield per 
plant. The genetic advance for disease severity index was found to be 65.0 which 
was also high. The other traits like straw yield, seed yield, protein content in seeds, 
morphine content in straw and peroxidase activity in leaves also recorded high 
genetic advance as percent of means (>50%). In the present study the characters 
like straw yield, seed yield, protein content in seeds, morphine content in straw, 
peroxidase activity and disease severity index recorded high heritability as well as 
high genetic advance as percent of means. DSI which is of prime importance in the 
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present study was found with high heritability and high genetic advance as percent 
of means. Other traits showed either high heritability or high genetic advance 
estimates only (Table -11). 
4.3.3 Correlation coefficients of disease severity index (DSI) and 
morphological, physiological, biochemical and chemical traits: 
The genotypic correlation coefficients (GCC) and phenotypic correlation 
coeffiecients (PCC) were computed to estimate the degree of linear association 
among various characters with emphasis on the effect of disease severity index on 
these traits (Table -12). The disease severity index (DSI) showed a significant 
negative correlation with seed yield per plant (r = -0.71*), this was found to be 
negative both at genotypic as well as phenotypic level. The traits like plant height, 
days to 50% flowering, days to maturity, leaf area per plant, number of capsules 
per plant, number of stigmatic rays on main capsule and straw yield per plant 
showed positive correlation with disease severity index, however the correlation 
values were observed to be non-significant. The other traits viz. number of leaves 
per plant, peduncle length, chlorophyll content in leaves oil content in seeds, 
protein content in seeds, morphine content in straw and peroxidase activity in 
leaves showed negative though non-significant correlation coefficients with 
disease severity index. 
4.3.4 Correlation studies for other agromorphological, physiological, 
biochemical and chemical traits: 
Highly significant (r = 0.92**) positive correlation of seed yield per plant 
with straw yield per plant was observed, Seed yield per plant is positively 
correlated with rest of the traits, however the values were found to be non 
significant. A positive and non significant corrclalions were observed between 
plant height and days to 50 % fiowering (r - 0.68) and chlorophyll content in 
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leaves and morphine content in straw (r = 0.66) whereas positive and significant 
correlations were found between plant height and days to maturity (r = 0.73**), 
chlorophyll content in leaves and protein content in seeds (0.71*), and morphine 
content in straw (r = 0.73) and protein content in seeds and morphine content in 
straw (0.71*). Negative and non significant correlation coeffiecients were found 
between days to 50 % flowering with oil content in seeds (-0.29) and peroxidase 
activity in leaves (-0.43). Plant height has-been found to have positive correlation. 
though non significant with peduncle length (0.38) and disease severity index 
(0.43). Days to 50 % flowering has feeen found to have positive correlations with 
days to maturity (0.58), peroxidase activity in leaves (-0.43) and disease severity 
index (0.58). Days to maturity has-been found to have negative correlation with oil 
content in seeds (-0.31). Number of leaves per plant has been found to have 
positive correlation with straw yield per plant (0.55) and seed yield per plant 
(0.54). Leaf area per plant has been found to have positive correlation with number 
of stigmatic rays on main capsule (0.34), straw yield per plant (0.34), seed yield 
per plant (0.34) and chlorophyllcontent in leaves (0.40). Peduncle length has been 
found to have positive correlation with straw yield per plant (0.41), seed yield per 
plant (0.44), oil content in seeds (0.36), chlorophyll content in leaves (0.48) and 
protein content in seeds (0.46). Number of stigmatic rays on main capsule has been 
found to have positive correlation with seed yield per plant (0.41), oil content in 
seeds (0.38), chlorophyll content in leaves (0.54), protein content in seeds (0.42) 
and morphine content in straw (0.58). Straw yield per plant has been found to have 
positive correlation with oil content in seeds (0.43), chlorophyll content in leaves 
(0.41) and protein content in seeds (0.58). Seed yield per plant has been found to 
have positive correlation with oil content in ^Q(i6s (0.50), chlorophyll content in 
leaves (0.46), protein content in seeds (0.63) and morphine content in straw (0.36). 
Oil content in seeds has been found to have positive correlation with chlorophyll 
content in leaves (0.53), protein content in seeds (0.55) and morphine content in 
straw (0.47). Peroxidase activity in leaves has been found to have negative and 
non-significant correlation with disease severity index for damping-off (0.50). 
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4.5 Inheritance studies for resistance to Pythium dissotocum in 
opium poppy: 
To study the inheritance pattern of disease resistance for Pythium 
dissotocum in opium poppy, a hybridization programme was initiated and seven 
accessions were selected as parents (Fig 1 & 2). These seven accessions included 
two resistant (Ib-38 and M-488) and five susceptible (H-9, IS-22. Jawahar-16. 
SPS-23 and Thailand) genotypes. All possible reciprocal cross combinations were 
prepared during the year 1997-98. F|, F2 and backcross generations were attempted 
during 1998-99. However, few F2 generations could be developed and complete 
backcross combinations could not be obtained for any of the cross. Therefore, all 
the generations (F|, F2 & backcrossess) were again attempted during 1999-2000 
season and 24 F|S, 19 F2S. 2 backcross combinations and progenies of two F3 
crosses could be developed. All these generations along with the parental 
genotypes were raised in pots (3 replications, uninoculated as control) in the 
glasshouse during 2000-2001 and data were recorded for their reactions to isolate 
C-80 of Pythium dissotocum using commeal sand culture at 2 - 3 leaf stage. 
Frequency distribution of disease reactions for damping-off on all the generations 
alongwith their parents have been presented in Tables 13, 14, 15 and 16. Both the 
resistant parents (Ib-38 & M-488) showed completely resistant reactions, while 
H-9 and Jawahar-16 showed highly susceptible reactions. IS-22, SPS-23 and 
Thailand showed susceptible reactions. 
4.4.1 Allelic tests of resistance genes and disease reactions for damping-
off in other F| crosses: 
Reciprocal F| cross combinations between the resistant parents viz. Ib-38 
and M-488 showed resistant reactions to Pythium dissotocum (Table -13). All the 
susceptible x susceptible F| cross combinations al.so showed susceptible reactions. 
These results indicated that the genes present in both the resistant parents were 
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allelic to each other. However, the frequency distribution of disease reactions for 
damping-off in Fi crosses of resistant x susceptible combinations showed all 
susceptible reactions indicating thereby the recessive nature of genes governing 
damping-off resistance. Significant differences were not observed between the 
reciprocal cross combination suggesting the absence of cytoplasmic effects and 
possibility of only nuclear genes governing damping-off resistance. 
4.4.2 Pattern of disease reactions for damping-off resistance in 
segregating generations: 
The frequency distribution of disease reactions for damping-off in the F2 
generation of the reciprocal crosses between both the resistant parents (Ib-38 & 
M-488) showed complete resistant reactions and no segregant could be found, 
supporting thereby the results on F| crosses that resistance genes were similar and 
'4 
allelic in nature in both the resistant parents (Table -16). No reciprocal differences 
could be recorded which suggested the absence of cytoplasmic effects. In the F2 
generations of all the susceptible x susceptible cross combinations, completely 
susceptible reactions were observed indicating thereby the absence of any 
background effects. Chi-square test was used to test the goodness of fit of the 
observed segregating distributions in all the F2 and backcross generations under the 
single locus model. All the F2 generations of the reciprocal cross combinations 
between resistant x susceptible parents showed 3 (susceptible) : 1 (resistant) 
segregation and no differential reactions could be observed. Chi-square value gave 
good fit of the 3 : 1 segregation ratios with probability limits ranging from 0.10 -
0.20 in crosses like Ib-38 x Thailand to 0.80-0.90 in Ib-38 x IS-22 and M-488 x 
Thailand. These patterns of segregation ratios suggest monogenic recessive nature 
of the gene governing damping-off resistance in opium poppy. No significant 
differences could be found in F2 generations of the reciprocal cross combinations 
for damping-off reactions. However, in four reciprocal cross combinations like 
Ib-38 X Ja\vahar-I6, Ib-38 x lS-22, Ib-38 x Thailand and M-488 x 11-9, the number 
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of resistant seedlings were more when the resistant parent wan taken as male 
showing male effect in all the four cross combinations. 
Onl>' two backcross combinations could be prepared and segregation 
ratios in the backcross combinations where resistant parent was used as donor 
parent, the segregation ratio of 1:1 was observed in all the combinations as 
otherwise expected, thereby authenticating the monogenic recessive nature of the 
genes governing damping-off resistance in opium poppy. However, it was 
observed that more number of resistant seedlings were recorded when the resistant 
parent was used as male as was observed in four F2 cross combinations (Jawahar-
16 X Ib-38, IS-22 x Ib-38, Thailand x Ib-38 and H-9 x M-488) thereby supporting 
the influence of male parents. In the backcross combinations where susceptible 
parent was used as donor, the susceptible reactions were observed in all the 
combinations with a very low percentage of resistant seedlings. These observations 
also supported the monogenic recessive nature of the genes governing damping-off 
resistance caused by Pythium dissotocum in opium poppy. 
The disease reactions for damping-off resistance on F3 plant progenies of 
two cross combinations involving resistant and susceptible parents could be 
studied and frequency distributions again suggested monogenic recessive control 
for this disease as the ratio of 1 (resistant) : 2 (segregating) : 1 (susceptible) 
adequately fitted in all the three cross combinations thereby further supporting the 
view of monogenic control of damping-off resistance in opium poppy. Based on 
the results on all the generations a single recessive gene designated herein as pd-1 
have been found to be responsible for damping-off resistance caused by Pythium 
dissotocum in both the resistant parents Ib-38 and M-488. 
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4.5 Generation means analysis: 
For understanding the nature and magnitude of gene effects for some 
important traits in two crosses viz Ib-38 x Jawahar-16 and Ib-38 x H-9, involving 
three parental lines namely Ib-38 (resistant), Jawahar-16 and H-9 (susceptible) 
were chosen and the six generations viz P|, P2, F|, F2, B| and B2 were derived 
which were put in RBD trial (3 replications) and data were recorded on eight 
characters viz. plant height, number of capsules per plant, seed yield per plant, 
straw yield per plant, chlorophyll content in leaves, morphine content in straw, 
peroxidase activity in leaves and disease severity index for damping-off. Mean 
values of all the six generations of two crosses were utilized to find out the relative 
contribution of the components of genetic variance such as additive [d] . 
dominance [h] and epistasis ( i , j , 1) for above mentioned eight characters. Joint 
scaling test of Cavalli (1952) was applied to test the adequacy of the scale (Table -
17) and the estimates of the six parameters viz. m, d, h, i. j and 1 for all the traits 
studied are presented in (Table - 18) for both the crosses. 
Results presented in (Table - 17) revealed the adequacy of the scale, for 
number of capsules per plant in both the crosses, for seed yield per plant in cross 
Ib-38 x H-9 and for plant height, straw yield per plant, chlorophyll content in 
leaves and peroxidase activity in leaves in the cross Ib-38 x Jawahar-16, since the 
X values (3df) for these traits were non significant. Further the additive component 
was found significant and positive in direction for plant height, straw yield, 
chlorophyll content and peroxidase activity in leaves in cross Ib-38 x Jawahar-16. 
For number of capsules per plant in cross Ib-38 x Jawahar-16, the additive 
component was significant but negative in direction while in cross Ib-38 x H-9 it 
was non-significant and negative in direction. The dominance component was 
significant but the direction of dominance was negative for number of capsules per 
plant and chlorophyll content in leaves in cros.s Ib-38 x Ja\vahar-16. Significance 
of the X values (3dO for traits, seed yield per plant, morphine content in straw and 
71 
disease severity index for damping off in cross Ib-38 x Jawahr-16 and plant height, 
straw yield per plant, chlorophyll content in leaves, peroxidase activity in leaves 
and disease disease severity index for damping-off in cross Ib-38 x H-9 indicated 
the presence of epistatic interactions. The results of various components arrived 
through six parameter model for eight characters are individually presented here . 
4.5.1 Plant height: 
While additive gene effects were found to be significant in both the 
crosses, dominance gene effects were found to be non significant. None of the 
interaction components viz. i , j and 1 were found significant in cross Ib-38 x 
Jawahar-16 since the joint scaling test was found adequate. Since the estimates of 
'h' and T have the opposite signs in the cross Ib-38 x H-9, duplicate type of 
epist^sis was recorded. 
4.5.2 Number of capsules per plant: 
The joint scaling test for this trait was found adequate for both the crosses 
and a significant additive gene effects were observed in both the crosses. 
Dominance gene effects were significant in cross Ib-38 x Jawahar-16 but non-
significant in the other cross Ib-38 x Jawahar-16. Non significance of none of the 
intraction components i.e. additive x additive ( i ), additive x dominant ( j ), 
dominant x dominant ( 1) in both the crosses is in agreement with the adequacy of 
the joint scaling test. The magnitude for dominance component was higher than 
that of additive and negative in direction in both the crosses. 
4.5.3 Seed yield per plant: 
The additive component was found to be non significant in both the 
crosses while the dc^ninante effects were found to be significant in cross Ib-38 x 
Jawahar-16 and non significant in the other cross. All the interaction components 
were found non significant for cross Ib-38 x 11-9 since the joint scaling test for this 
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cross was found to be adequate. In general the dominance component has higher in 
magnitude irrespective to their sign. Dominance ( h ) and dominance x dominance 
( 1 ) interaction components having the opposite sign in the cross Ib-38 x Jawahar-
16 indicated the duplicate type of epistasis in this cross. 
4.5.4 Straw yield per plant: 
The additive component was found significant in cross Ib-38 x Jawahar-
16 but non-significant in cross Ib-38 x H-9. On the other hand the dominance 
component was found significant in cross Ib-38 x H-9 but non-significant in the 
other cross Ib-38 x Jawahar -16. Non-significance of all the interaction components 
in cross Ib-38 x Jawahar -16 is in agreement with the joint scaling test. Additive x 
additive ( i ) and dominance x dominance (1) intractions were significant in cross 
Ib-38 x H-9. In general the magnitude of dominance component and dominance x 
dominance interactions was larger than the others in cross Ib-38 x H-9 while in 
cross Ib-38 x Jawahar-16 the additive component was of larger magnitude. For this 
trait too the 'h' and 'I' had opposite signs and the type of epistasis was duplicate in 
cross Ib-38 x H-9. 
4.5.5 Chlorophyll content in leaves 
The additive and dominance components were significant in the cross 
Ib-38 x H-9. However all the epistatic interaction components are also found 
significant in cross Ib-38 x H-9 but non significance of i, j and 1 in cross Ib-38 x 
Jawahar -16 is in accordance with the adequacy of the joint scaling test. In general 
the magnitude of dominance component and dominance x dominance interaction 
components were larger than others in cross Ib-38 x H-9. The estimates of h and 
1 had opposite sign and the type of epistasis operative was duplicate in cross 
Ib-38 X H-9. 
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4.5.6 Morphine content is straw: 
Among the main effects the additive component was found significant in 
cross Ib-38 x H-9 while dominance component was significant is cross 
Ib-38 X Jawahar -16. Though both the crosses indicated the presence of epistatic 
component through non adequacy of the Joint scaling test, only dominance x 
dominance and additive x dominance were found significant in cross 
Ib-38 X Jawahar -16 and Ib-38 x H-9 respectively. In general the magnitude of the 
dominance component was greater in both the crosses. Since h and 1 had the 
opposite signs, duplicate type of epistasis was found. 
4.5.7 Peroxidase activity in leaves: 
Additive component was found to be significant in both the crosses while 
dominance component was non significant. The non significance of all the 
epistatic components in cross Ib-38 x Jawahar-16 is in agreement with the Joint 
scaling test. However, complementary type of epistasis has been found operative in 
the cross Ib-38 x H-9, since h and 1 components had similar signs. 
4.5.8 Disease severity Index (DSI) for damping off: 
For both the crosses the additive component was found to be highly 
significant in both the crosses. On the other hand the dominance component was 
found to be non-significant in both the crosses. Among the interaction components 
only additive x dominance (j ) components were found significant while the others 
components ( i and I ) were non significant in both the crosses. Duplicate type of 
epistasis was found operative in both the crosses since h and 1 components had 
opposite signs. 
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Table 2: Climatic conditions during the crop seasons (October, 1997 - April, 2001) 
Period 
October 1,1997-November 15,1997 
November 16,1997 -January 15,1998 
January 16,1998 - March 15,1998 
March 16,1998 - April 15,1998 
October 1,1998 - November 15,1998 
November 16,1998 -January 15,1999 
January 16,1999 - March 15,1999 
March 16,1999 - April 15,1999 
October 1,1999 - November 15,1999 
November 16,1999 -January 15,2000 
January 16,2000 - March 15,2000 
March 16,2000 - April 15,2000 
October 1,2000 - November 15,2000 
November 16,2000 -January 15,2001 
January 16,2001 - March 15,2001 
March 16,2001- April 15,2001 
Temperature ("C) 
Max 
29 
22 
27 
34 
35 
30 
29 
38 
36 
31 
30 
39 
35 
30 
32 
40 
* Min 
16 
10 
11 
17 
11 
5 
•4 
17 
10 
5 
5 
16 
10 
5 
6 
21 
Mean relative 
humidity (%) 
62 
53 
49 
45 
52 
50 
46 
44 
66 
52 
48 
41 
47 
55 
67 
68 
1 Total rain 
fall (mm) 
21 
23 
6 
2 
5 
7 
10 
12 
-
10 
20 
2 
-
8 
7 
-
All temperature and relative humidity data are rounded off after averaging out the per day data 
for a particular period; rainfall data are total during the period. Source of weather data: CIMAP 
meteriological record book 
Table - 3: Disease Severity Index (DSI) of 159 accessions of opium poppy for 
damping-off caused by Pythium dissoiocum (isolate C-80) under field 
and glasshouse conditions during 1996-97. 
S. No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
n 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
Acceuloni 
CD-3J 
G-52 
H-9 
1-14 
lb-20 
Ib-38 
Ib-S7 
IS-18 
lS-22 
M-488 
N-3 
P-107 
P-157 
S-208 
$-264 
$-265 
S-267 
S-268 
S-270 
S-271 
S-272 
S-274 
S-278 
S-279 
S-286 
S-291 
S-292 
S-293 
S-295 
S-296 
S-297 
S-301 
S-302 
S-303 
S-305 
S-306 
S-307 
S-308 
S-309 
S-311 
S-312 
S-313 
S-314 
S-316 
S-3I7 
S-318 
S-319 
S-320 
S-322 
S-323 
S-32S 
S-326 
S-327 
S-328 
S-329 
$-330 
S-331 
S-333 
S-334 
S-335 
Field 
DSI (0-4 mie ) 
3.0 
3.4 
2.6 
0.8 
3.7 
0.5 
2.2 
2.3 
3.1 
0.4 
2.2 
2.8 
2.5 
i.o 
3.3 
2.8 
2.8 
3.2 
3.4 
3.4 
iA 
3.2 
3.3 
3.4 
3.3 
2.7 
3.2 
2.3 
2.4 
3.0 
2.5 
2.3 
2.8 
2.5 
2.6 
2.9 
2.5 
3.3 
3.3 
2.9 
2.4 
2.7 
3.4 
3.2 
3.1 
2.7 
2,8 
2.6 
2.3 
2.1 
3.4 
3.3 
2.7 
2.3 
2.5 
2.5 
2.9 
3.0 
2.3 
2.8 
Reaction Type 
HS 
HS 
S 
R 
HS 
R 
S 
S 
HS 
R 
S 
S 
S 
S 
HS 
S 
S 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
S 
HS 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
HS 
HS 
S 
S 
S 
HS 
HS 
HS 
S 
S 
S 
S 
S 
HS 
HS 
S 
S 
S 
S 
S 
S 
s 
S 
Ctauhouie 
DSI (0-4 Kale) 
3.4 
3.1 
3.2 
1.5 
3.6 
0.7 
1.4 
2.6 
2.6 
0.6 
1.7 
3.4 
3.6 
3,7 
3,2 
3,4 
3,5 
3.6 
3.1 
3.4 
3.5 
3.3 
3.3 
3.5 
• 3.3 
3.5 
2.5 
2.6 
2.2 
3.2 
2.7 
2.2 
3.3 
3.7 
3.3 
3.6 
2.5 
3.5 
3.8 
3.3 
2.7 
2.4 
3.5 
3.2 
2.5 
3.1 
3.5 
3.3 
2.3 
2.5 
3.5 
2.8 
3.1 
2.4 
2.2 
2.7 
3.4 
3.6 
2,7 
3.2 
Reaction Type 
HS 
HS 
HS 
T 
HS 
R 
T 
S 
S 
R 
T 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
S 
S 
S 
HS 
S 
S 
HS 
HS 
HS 
HS 
S 
HS 
HS 
HS 
S 
S 
HS 
HS 
S 
HS 
HS 
HS 
S 
s 
HS 
S 
HS 
S 
S 
S 
HS 
HS 
S 
HS 1 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
no 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
S-336 
S-337 
S-338 
S-339 
S-340 
S-342 
S-343 
S-346 
S-347 
S-349 
S-350 
S-353 
S-356 
S-357 
S-358 
S-359 
S-360 
S-361 
S-363 
S-364 
S-366 
S-368 
S-369 
S-372 
S-373 
S-374 
S-375 
S-376 
S-377 
S-378 
S-379 
S-380 
S-382 
S-383 
S-384 
S-385 
S-386 
S-387 
S-388 
S-389 
S-392 
S-394 
S-398 
S-399 
S-400 
S-401 
S-402 
S-403 
S-406 
S-409 
S-412 
S-413 
S-415 
S-416 
S-4I8 
S-419 
S-420 
S-421 
S-422 
S-423 
S-424 
S-427 
S-428 
S-429 
S-444 
S-446 
S-474 
S-476 
2.8 
2.3 
2.4 
2.4 
2.4 
2,5 
2.3 
2.6 
3.5 
2.4 
3.5 
3.5 
2.2 
3.2 
2.6 
2.5 
2.3 
3.3 
2.5 
3.2 
3.2 
3.0 
2.7 
2.7 
2.5 
2.7 
2.3 
3.3 
2.3 
2.5 
2.3 
2.4 
2.4 
1.4 
2.6 
2.3 
2.6 
2.8 
2.5 
3.5 
3.5 
3.4 
3.5 
3.5 
2.8 
3.6 
2.6 
2.6 
2.5 
3.3 
3.5 
2.8 
3.3 
2.6 
2.5 
2.6 
2.7 
2.3 
2.7 
2.5 
2.5 
2.7 
3.4 
2.5 
2.3 
3.3 
2.6 
3.4 
S 
S 
S 
S 
S 
S 
S 
S 
HS 
S 
HS 
HS 
S 
HS 
S 
S 
S 
HS 
S 
HS 
HS 
HS 
S 
S 
S 
S 
S 
HS 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
HS 
HS 
HS 
HS 
HS 
S 
HS 
S 
S 
S 
HS 
HS 
S 
HS 
S 
S 
S 
S 
S 
S 
S 
S 
S 
HS 
S 
S 
HS 
S 
HS 
3.4 
2.5 
2.1 
2.5 
2.5 
2.4 
2.5 
2.4 
2.3 
2.3 
3.5 
3.3 
2.4 
3.4 
2.3 
2.6 
2.3 
3.4 
2.7 
2.5 
3.6 
2.4 
2.2 
2.5 
1.3 
2.6 
2.4 
3.5 
2,5 
2.4 
2.5 
2.6 
2.3 
1.6 
2.3 
2.6 
3.6 
2.6 
2,5 
3,5 
3,6 
3,5 
3,5 
3.7 
3.2 
3.7 
3.6 
3.2 
3.6 
3.5 
3.7 
3.5 
3.5 
3.6 
3.5 
3.4 
35 
3.3 
3.6 
3,5 
3,7 
3J 
3,5 
3,3 
3,4 
3,7 
3,3 
3,5 
HS 
S 
S 
S 
S 
S 
s 
s 
s 
s 
HS 
HS 
S 
HS 
S 
S 
S 
HS 
S 
S 
HS 
S 
S 
S 
T 
S 
S 
HS 
S 
S 
S 
S 
S 
T 
S 
S 
HS 
S 
S 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
ISO 
151 
152 
153 
154 
155 
156 
157 
158 
159 
S-483 
S-484 
S-486 
S-488 
S-492 
S-494 
S-49S 
SPS-20 
SPS-23 
SPS-49 
T-3 
T-16 
T-19 
T-20-16 
T-210-5 
T-832 
T-850 
T-8SI 
T-852 
T-853 
T-854 
T-860 
Thailand 
Jawabar-16 
Rakshit 
Sanchlta 
Shakti 
Shubhra 
Shweta Broad 
Shyama 
Vivek 
CD 5% 
1% 
3.3 
3.4 
2.5 
3.5 
3.4 
3.3 
3.4 
2.1 
2.5 
2.3 
2.1 
3.0 
2.4 
2.2 
1.2 
2.3 
1.4 
3.5 
2.5 
2.3 
3.3 
2.6 
2.4 
3.1 
1.4 
3.3 
1.2 
3.3 
2.3 
2.8 
3.2 
0..33 
0.44 
HS 
HS 
S 
HS 
HS 
HS 
HS 
S 
S 
S 
S 
s 
s 
s 
T 
S 
T 
HS 
S 
S 
HS 
S 
S 
HS 
T 
HS 
T 
HS 
S 
S 
HS 
3.7 
3.8 
3.3 
3.4 
3.3 
3.6 
3.4 
2.2 
2.8 
1.5 
2.6 
3.1 
2.7 
2.5 
1.2 
2.7 
1.5 
3.6 
2.8 
3.0 
3.1 
2.7 
2.5 
3.4 
1.5 
3.4 
2.5 
3.3 
1.5 
3,5 
3.1 
0.29 
0.38 
HS 
HS 
HS 
l is 
HS 
HS 
HS 
S 
S 
T 
S 
HS 
S 
S 
T 
S 
T 
HS 
S 
S 
HS 
S 
S 
HS 
T 
HS 
S 
HS 
T 
HS 
HS 
Number of genotypes found 
(i) Resistant — 03 
(ii) Tolerant — 04 
(Hi) Susceptibl — 98 
(iv) Highly Susceptibl — 54 
02 
10 
58 
89 
Table 4: Categorization of 159 genotypes of opium poppy on the basis of disease reactions 
for damping -off under field and glasshouse conditions during the year 1996-97. 
Reaction 
Types 
Resistant 
Tolerant 
Susceptible 
Highly 
susceptible 
Accessions 
Field 
I-I4, Ib-38, M-488 
T-210-5,T-850,Rakshit,Shakti 
H-9,Ib-57, IS-18,N-3,P-lOT.P-157,S-208, 
S-265,S-267,S-291,S-293.S-295,S-296, 
S-297,S-301 ,S-302,S-303,S-305,S-306, 
S-307,S-311 ,S-312,S-313,8-318,S-319, 
S-320,S-322,S-323,S-327,S-328,S-329, 
S-330,S-331,S-333,S-334,S-335,S-336, 
S-337,S-338,S-339,S-340,S-342,S-343, 
S-346,S-349,S-356,S-358,S-359,S-360, 
S-363,S-369,S-372,S-373.S-374,S-375, 
S-377,S-378,S-379,S-380,S-382,S-383, 
S-384,S-385,S-386,S-387,S-388,S-400, 
S-402,S-403,S-406,S-413,S-416,S-418, 
S-419,S-420,S-42,18-422,8-423,8-424, 
S-427,8-429,8-444,8-474,8-486,SPS-20, 
SPS-23,SPS-49,T-3,T-16,T-19,T-20-16, 
T-832,T-852,T-853,T-860,Thailand, 
Shweta broad, Shyama. 
CD-31 ,G-52,lb-20,IS-22,P-144,P-165, 
S-264,S-268,S-270,S-271,8-272,8-274, 
8-278,8-279,8-286,8-292,8-308,8-309, 
8-314,8-316,8-317,8-325,8-326,8-347, 
8-350,8-353,8-357,8-361,8-364,8-366, 
8-368,8-376,8-389,8-392,8-394,8-398, 
8-399,8-401,8-409,8-412,8-415,8-428, 
S-446,8-476,8-483,8-484,8-488,8-492, 
S-494,8-495,T-851 ,T-854,Jawahar-16, 
Sanchita,Shubhra, Vivek. 
Glasshouse 
Ib-38,M-488 
l-14,Ib-57,N-3,8-373,8-383,8P8-49,T-210-5, 
T-850,Rakshit, Shweta Broad 
IS-18,18-22,8-292,8-293,8-295,8-297,8-301 ,S-307, 
8-312,8-313,8-317,8-322,8-323,8-326,8-328,8-329, 
8-330,8-334,8-337,8-338,8-339,8-340,8,342,8-343, 
8-346,8-347,8-349,8-356,8-358,8-359,8-360,8363, 
8-364,8-368,8-369,8-372,8-374,8-375,8-377,8-378, 
8-379,8-380,8-382,8-384,8-385,8-387,8-388, 
SPS-20,SPS-23,T-3,T-19,T-20-16,T-832,T-852, 
T-853,T-860,Thailand,Shakti. 
CD-31,G-52,H-9, Ib-20,P-107,P-157, ,8-208, 
8-264,8-265,8-267,8-268,8-270,8-271,8-272, 
8-274,8-278,8-279,8-286,8-291,8-296, 8-302, 
8-303,8-305,8-306,8-308,8-309,8-311, 8-314, 
8-316,8-318,8-319,8-320,8-325,8-327, 8-331, 
8-333,8-335,8-336,8-350,8-353,8-357,8-361, 
S-366,8-376,8-386,S-389,8-392,8-394,S-398, 
8-399,8-400,8-401,8-402,8-403,8-406 8-409, 
8-412,8-413,8-415,8-416,8-418,8-419,8-420, 
S-421 ,S-422,8-423,S-424,S-427,S-428,S-429, 
8-444,8-446,8-474,8-476,8-483,8-484,8-486, 
S-488,8-492,8-494,S-495,T-16,T-851,854, 
Ib-20Jawahar-16, Sanchita, Shubhra, Shyama,Vivek. 
Table - 5 : Seed yield per plant and morphine content in straw of germplasm 
accessions of opium poppy in RBD field trial during 1996-97 
SNo. 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
Accessions 
CD-31 
G-52 
H-9 
1-14 
lb-20 
Ib-38 
Ib-57 
IS-18 
IS-22 
M-488 
N-3 
P-107 
P-157 
S-208 
S-264 
S-265 
S-267 
S-268 
S-270 
S-271 
S-272 
S-274 
S-278 
S-279 
S-286 
S-291 
S-292 
S-293 
8-295 
S-296 
S-297 
S-301 
S-302 
S-303 
S-305 
S-306 
S-307 
S-308 
S-309 
S-311 
S-312 
S-313 
S-314 
S-316 
S-317 
S-318 
S-3I9 
S-320 
S-322 
S-323 
S-325 
S-326 
S-327 
S-328 
S-329 
S-330 
S-331 
S-333 
S-334 
S-335 
S-336 
Seed yield per plant ^g) 
4.2 
4,3 
5.3 
5.4 
5.0 
5.8 
5.4 
4.4 
4.1 
2.5 
4.3 
4.3 
4.4 
4.4 
2.4 
3.8 
3.3 
5.7 
5.4 
6.6 
4.4 
4.5 
4.8 
5.1 
5.3 
5.2 
5.6 
4.5 
4.6 
4.3 
4.8 
4.6 
5.4 
5.9 
5.5 
5.6 
5.8 
4.2 
5.4 
5.3 
4.5 
3.7 
3.3 
5.6 
4.5 
4.0 
4.7 
4.1 
4.5 
3.3 
4.5 
4.3 
4.5 
5.3 
4.1 
4.3 
5.2 
6.1 
5.2 
4.4 
4.3 
Morphine content in straw (*/«) 
03 
0.2 
0.4 
0.5 
0.3 
0.5 
0.4 
0.2 
0.5 
0.5 
0.3 
0.2 
0.2 
0.2 
0.2 
0.2 
0.1 
0.2 
0.2 
-
-
0.3 
0.2 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0.1 
0.2 
0.1 
0.1 
-
-
-
-
-
-
-
-
-
-
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
S-337 
S-338 
S-339 
S-340 
S-342 
S-343 
S-346 
S-347 
S-349 
S-350 
S-353 
S-3S6 
S-357 
S-358 
S-359 
S-360 
S-36I 
S-363 
S-364 
S-366 
S-368 
S-369 
S-372 
S-373 
S-374 
S-375 
S-376 
S-377 
S-378 
S-379 
S-380 
S-382 
S-383 
S-384 
S-385 
S-386 
S-387 
S-388 
S-389 
S-392 
S-394 
S-398 
S-399 
S-400 
S-401 
S-402 
S-403 
S-406 
S-409 
S-412 
S-413 
S-41S 
S-4I6 
S-418 
S-419 
S-420 
S-421 
S-422 
S-423 
S-424 
S-427 
S-428 
S-429 
S-444 
S-446 
S-474 
4.4 
5.3 
3.5 
3.9 
5,2 
3.6 
4.5 
4.3 
5.3 
3.6 
4.2 
5.2 
4.3 
3.1 
4.3 
2.3 
2.3 
2.5 
5.2 
4.3 
4.4 
4.4 
4.7 
4.4 
3.6 
4.1 
3.6 
3.5 
5.6 
3.4 
3.5 
3.2 
3.5 
2.8 
3.6 
3.6 
4.7 
4.0 
4.5 
3.6 
3.9 
3.9 
4.7 
5.3 
3.5 
3.3 
3.7 
4.7 
3.0 
2.9 
4.5 
4.6 
5.3 
5.4 
4.6 
3.2 
4.6 
5.2 
3.2 
4.9 
2.9 
3.2 
4.7 
5.3 
4.9 
2.7 
0.2 
0.2 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0.4 
0.3 
0.2 
0.1 
-
0.4 
-
-
-
-
-
0.2 
-
-
-
-
0.2 
-
-
-
-
-
-
-
-
0.3 
-
-
-
-
-
-
0.2 
-
-
-
-
-
-
-
-
-
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
S-476 
S-483 
S-484 
S-486 
S-488 
S-492 
S-494 
S-495 
SPS-20 
SPS-23 
SPS-49 
T-3 
T-I6 
T-19 
T-20-16 
T-210-5 
T-832 
T-850 
T-851 
T-852 
T-853 
T-854 
T-860 
Thailand 
Jawaliar-16 
Rakshit 
Sanchita 
Shakti 
Shubhra 
Shweta Broad 
Shyama 
Vivek 
CD 5% 
1% 
3.0 
3.7 
3.4 
4.5 
4.3 
3.4 
4.5 
3.5 
5.0 
5.4 
5.5 
6.6 
7.9 
8.0 
9.0 
9.1 
7.0 
8.7 
7.9 
7.6 
8.2 
7.2 
7.2 
4.9 
4.9 
9.9 
5.2 
6.7 
9.7 
4,7 
8.2 
4.5 
0.6 
0.7 
-
-
0.3 
0.2 
0.2 
0.2 
0.2 
0.2 
0.5 
0.5 
0.3 
0.4 
0.5 
0.2 
0.6 
0.7 
0.5 
0.6 
0.6 
0.5 
0.5 
0.3 
0.4 
0.4 
0.5 
0.8 
0.5 
0.5 
0.7 
0.6 
0.7 
0.5 
O.I 
0.1 
Table - 6 : Disease Severity Indices (DSI) of 35 selected genotypes of opium 
poppy screened for damping-off (Pythium dissotocum) under fleld 
and glasshouse conditions during 1997-98. 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
Genotypes 
CD-31 
G-52 
H-9 
1-14 
Ib-20 
Ib-38 
Ib-57 
IS-18 
IS-22 
M-488 
N-3 
SPS-20 
SPS-23 
SPS-49 
T-3 
T-16 
T-19 
T-20-16 
T-210-5 
T-832 
T-850 
T-851 
T-852 
T-853 
T-854 
T-860 
Thailand 
Jawahar-16 
Rakshit 
Sanchita 
Shakti 
Shubhra 
Shweta Broad 
Shyama 
Vivek 
CD at 5 % 
1% 
Field 
DSI (0-4 scale) 
3.4 
3.1 
2.7 
1.5 
3.5 
0.7 
1.4 
2.5 
2.6 
0.6 
1.5 
2.5 
2.2 
3.3 
2.6 
3.1 
2.6 
2.5 
1.2 
2.7 
1.4 
3.5 
2.8 
3.0 
3.1 
2.7 
2.1 
3.2 
1.5 
3.4 
2.7 
3.3 
2.2 
3.4 
3.1 
0.3 
0.4 
Reaction type 
HS 
HS 
S 
T 
HS 
R 
T 
S 
S 
R 
T 
S 
S 
HS 
S 
HS 
S 
S 
T 
S 
T 
HS 
S 
S 
HS 
S 
s 
HS 
T 
HS 
S 
HS 
S 
HS 
HS 
Glasshouse 
DSI (0-4 scale) 
3.4 
3.6 
3.6 
1.5 
2.9 
0.7 
2.1 
2.3 
2.4 
0.7 
2.0 
2.4 
2.6 
2.5 
2.3 
3.5 
2.7 
2.5 
1.8 
2.6 
1.6 
3.2 
1.9 
2.7 
2.5 
2.5 
2.6 
3.4 
1.6 
3.5 
2.6 
3.4 
2.4 
3.4 
3.4 
0.3 
0.5 
Reaction type 
HS 
HS 
HS 
T 
S 
R 
S 
S 
s 
R 
T 
S 
S 
S 
S 
HS 
S 
s 
T 
s 
T 
HS 
T 
S 
S 
S 
S 
HS 
T 
HS 
S 
HS 
S 
HS 
HS 
Table - 7 : Categorization of selected 35 genotypes of opium poppy on the basis of disease 
reactions for damping -off under field and glasshouse conditions during the year 
1997-98. 
Reaction type 
Resistant 
Tolerant 
Susceptible 
Highly susceptible 
Accessions 
Field 
Ib-38, M-488. 
I-14,Ib-57,N-3,T-210-5, 
T-850, Rakshit. 
H-9, IS-18, IS-22, SPS-20, SPS-23, 
T-3,T-19,T-20-16,T-832, T852, 
T-853 , T-860, Thailand, Shakti, 
Shweta Broad. 
CD-31,G-52, Ib-20,SPS-49, T-16, 
T-851, T-854, Jawahar-16,Sanchita, 
Shubhra, Shyama, Vivek. 
Glasshouse 
Ib-38, M-488. 
1-14, N-3,T-210-5, T-850, T-
852, Rakshit. 
Ib-20,Ib-57, IS-18, IS-22, SPS- ~ 
20, SPS-23, SPS-49, T-3, T-19, 
T-20-16,T-832, T-853, 
T-854, T-860, Thailand, Shakti, 
Shweta Broad. 
CD-31,G-52, H-9, T-16, T-851, 
Jawahar-16, Sanchita, Shubhra, 
Shyama, Vivek. 
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Table - 13 : Frequency distribution of the disease reactions for damping-off (isolate 
C - 80) in resistant and susceptible parents and their Fl crosses in 
opium poppy under glasshouse conditions. 
S.No. 
! 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
Genotypes /crosses 
Parents 
Ib-38 
M-488 
H-9 
IS-22 
Jawahar-16 
SPS-23 
Thailand 
Fi Crosses 
lb -38 X M -488 
lb -38 X SPS -23 
lb -38 X H - 9 
lb -38 X Jawahar -16 
lb -38 X IS -22 
lb -38 X Thailand 
M -488 X lb -38 
M -488 X H -9 
M -488 X Jawahar -16 
M -488 X IS -22 
M -488 X Thailand 
SPS -23 X lb -38 
H -9 X lb -38 
Jawahar-16 X lb-38 
IS -22 X lb -38 
Thailand x lb -38 
H -9 X M -488 
Jawahar -16 x M -488 
H -9 X Jawahar -16 
Jawahar-16 X H-9 
SPS -23 X H -9 
Thailand x SPS -23 
Jawahar -16 x Thailand 
H-9 X Thailand 
Number of plants with differential 
disease reactions 
Resistant 
68 
53 
03 
03 
0 
01 
02 
25 
02 
01 
0 
02 
02 
31 
0 
0 
03 
01 
04 
04 
03 
02 
02 
04 
02 
0 
0 
0 
0 
0 
0 
Susceptible 
01 
02 
59 
46 
66 
62 
58 
01 
22 
19 
18 
15 
21 
07 
09 
18 
18 
19 
29 
16 
20 
19 
28 
23 
25 
15 
18 
18 
21 
19 
18 
Reaction type 
R 
R 
HS 
S 
HS 
S 
S 
RXR 
R X S 
R X S 
R X S 
R X S 
R X S 
RXR 
R X S 
R X S 
R X S 
R X S 
S X R 
S X R 
S X R 
S X R 
S X R 
S X R 
S X R 
S X S 
S X S 
S X S 
S X S 
S X S 
SXS 
Resistant = Plants with 0-1 rating on 0-4 scale 
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Fig-1: A. M-488, B. Ib-38 (both resistant), C. IS-22, D. Thailand (both susceptible) to 
damping-off (Pythium dissotocum, isolate C-80) under glasshouse conditions. 
Fig-2:Highly susceptible (Jawahar-16 and H-9) and susceptible (SPS-23) accessions 
of opium poppy to damping-off. used as parents in the hybridization 
programme. 
A. Jawahar-16 (a released variety), B. H-9 (yellowish green line, chlorophyll 
mutant, two rows on the right side), C. SPS-23. 
Fig-3:The accessions of opium poppy showing range of variability in flower 
characteristics. A. Flower with red margins and dark purple blotch with 
petaloid anthers. B. white flower with petaloid anthers. C. flower with pink 
margins and white blotch. 
HM¥ 
Fig-4:The accessions of opium poppy showing variability in flower and leaf 
characteristics. A. Normal white flower. B. White flower with deeply incised 
petals. C. A range of variability in leaf margins (fourth leaf from the top). ') 

Fig-5 : A. Maintainance of pathogenic culture of Pythium dissotocum (isolate C-80) 
on PDA in Petri plates. 
B. Preparation of mass inoculum of Pythium dissotocum on commeal sand 
medium in flasks for inoculation in pots. 
Fig-6:Accessions of opium poppy showing resistant (right, Ib-38) and 
susceptible (left, IS-22) reactions to Pythium dissotocum (isolate C-80) 
in pots. 
Fig-7: Field view of opium poppy crop showing infestation of Pythium dissotocum in 
experimental fields at CIMAP, Lucknow under natural inoculum conditions. 
A. Bare patches within the rows. B. Susceptible (left, IS-22) and resistant 
(right, Ib-38) lines. 
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Fig-8: Close up view of susceptible lines showing severe incidence of damping off 
during early stages of disease development in field under natural inoculum 
conditions. 
Fig- 9: A. Opium poppy seedlings sliowing resistant reactions (0-1, on 0 ^ 
scale) to Pythium dissotocum, 4 days after inoculation in pots. 
B. Opium poppy seedlings showing tolerant reactions (1-2, on 0-4 
scale) to Pythium dissotocum, 4 days after inoculation in pots. 
Fig-10: A. Opium poppy seedlings showing susceptible reactions (2-3, on 0- 4 
scale) to Pythium dissotocum, 4 days after inoculation in pots. 
B. Opium poppy seedlings showing highly susceptible reactions (3-4, 
on 0 ^ scale) to Pythium dissotocum, 4 days after inoculation in pots. 
Fig-11: Field view of the recently released high yielding and disease resistant 
variety "Rakshit" of opium poppy. 
DISCUSSION 
CHAPTER - 5 
DISCUSSION 
Damping-off caused by Pythium dissotocum is one of the important 
diseases of opium poppy and has been reported by Alam et ai, (1996). Similar 
reports of heavy losses due to damping-off caused by different Pythium species 
have also been reported in many crops including geranium (Hausbeck, 1989) and 
bean (Kobringer and Hagedorn, 1984). To avoid losses due to this disease, 
although several control measures such as crop rotation and soil treatments with 
fungicides have been suggested (Alam et al., 1998), however, the development of 
disease resistant cultivars is the most effective and suitable method. 
Understanding of the resistance mechanism and planning of suitable 
breeding strategies become necessary for the development of cultivars with stablQ 
resistance. Any relationship of resistance with some agronomic or biochemical 
parameters could help in efficient screening of different resistance sources and any 
further improvement in a crop could be efficiently brought about through 
developing certain specific gene combinations. There are very few systematic 
reports in this direction in opium poppy. Keeping these things in view the present 
investigation was carried out both under field and controlled glasshouse conditions 
and the results are as herein discussed. 
5.1 Screening of opium poppy accessions for resistance to Pythium 
dissotocum 
More recently the work on screening of gcrmplasm collections for 
different diseases has been taken up in a big way in different crop plants and a 
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large number of germplasm collections of opium poppy have been reported to be 
screened for resistance against downy mildew {Perenospora arborescence), 
damping-off {Pythium dissotocum), stem rot, capsule rot (Erwinia carotovora sub 
sp. carotovora) and poppy mottle diseases (PoMV-1) and few resistance sources 
for different diseases have been identified (Sattar et al., 1995, 1997; Bajpai et al.. 
1999). However, no resistance source to downy mildew and powdery mildew ir 
opium poppy could be identified in field trails conducted at three locations in India 
(ICAR 1989; Pandey and Nigam, 1988). 
To improve the efficiency of resistance breeding, simple and reproducible 
screening methods are needed for reliable differentiation among the genotypes. In 
field experiments the disease incidence was not found to be uniform under natural 
inoculum conditions, though severe damping-off infestations have been reported in 
commercial fields of opium poppy (Alam et al.. 1996). In glasshouse experiments 
inoculations with homogenized corn meal sand culture were found to be easy and 
successful in differentiating the genotypes. The seedlings of all the accessions were 
inoculated with this inoculum at 2 - 3 leaf stage and distinct differences into 
resistant and susceptible reactions types could be observed. This is a modification 
of the screening method used by Sattar et al. (1995) in opium poppy where the 
inoculum was multiplied on moist sterilized sand : soil : cornflake ( 6 : 3 : 1 v/v) 
mixture for 7 - 10 days and then mixed with soil (1 : 1) before sowing the seeds. 
This method had some drawbacks as uniform inoculum densities could not be 
maintained and germination percentage of the seedlings remained very low. 
Similar screening methods have also been reported for the identification of 
resistance sources for other similar plant diseases causing stem or root rots caused 
by pathogens like Fusarinm solani in soyabean (Stephens et al. 1993) Fusarium 
oxysporum in Aechmea fasicata (Samyn 6f~al.. 1994), and Rhozoctonia solani in 
crops like pea, sugerbeet and sorghum (Muriithi and Galfin, 1997). 
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The results of initial screening of f^^Aqg^ssions of^ ^Bi|Wi poppy which 
included commercial varieties, elite selections, morphologically distinct inbred 
lines, mutants and some introductions from Rajasthan, Madhya Pradesh and 
Thailand for damping-off during 1996-97 season in field and glasshouse 
conditions showed wide differences is disease reactions. Although three accessions 
viz (1-14, Ib-38 and M-488) were found resistant in field screening but under 
glasshouse conditions only two (Ib-38 and M-488) gave resistant reactions. Four 
tolerant accessions (T-210-5, T-850, Rakhsit and Shakti) were found in field 
screening but during the glasshouse screening tests 10 tolerant accessions (1-14, 
Ib-57, N-3, S-373, S-383, SPS-49, T-210-5, T-850, Rakshit and Shweta Broad) 
were identified. The number of susceptible and highly susceptible accessions also 
differed under both the environments as in field, 98 accessions were found 
susceptible and 54 highly susceptible. However, under glasshouse conditions there 
were 58 susceptible and 89 highly susceptible genotypes. In earlier reports of 
screening of opium poppy germplasm accessions for damping-off (Sattar et al. 
1995), three accessions (Ib-20, Ib-38 and CD-31) were found to be resistant both 
under field and glasshouse screening. However, in our results Ib-20 and CD-31 
have been found to be highly susceptible, though, Ib-38 was consistantly found to 
be resistant both under field and glasshouse conditions. Besides, Ib-38, a new 
resistance source M-488 has been identified which has not reported earlier. A wide 
variability was observed among the 159 accessions for seed yield per plant during 
1996-97 crop season. However, only 66 samples could be analyzed for morphine 
content for which again wide range variability was observed. All these results were 
highly encouraging, as existence of substantial variation in the available gene pool 
of a species is necessary for any successful breeding programme. 
Out of the 159 diverse accessions of opium poppy, 35 accessions were 
selected on the basis of disease reactions for damping-off, seed yield per plant and 
morphine content in straw (Table - 5). which were then evaluated in replicated 
trials both under field and gla.sshouse conditions for reaction to damping-off during 
77 
1997-98 season. The same two accessions Ib-38 and M-488 which were found 
resistant under glasshouse screening of previous season were again found resistant 
under glasshouse as well as field conditions for damping-off reactions. There were 
some variations in disease reactions under glasshouse and field conditions as only 
six accessions (1-14, N-3, T-120-5, T-850, T-852 and Rakshit) were found tolerant 
under glasshouse screening, whereas six accessions (1-14, lb-57, N-3, T-210-5, 
T-850 and Rakshit) were found tolerant in field conditions. In field screening as 
many as 15 accessions were graded as susceptible and 12 as highly susceptible. 
However, under glasshouse conditions 17 accessions were found susceptible and 
10 were highly susceptible. These results indicate that while there were distinct 
reaction types of different categories in glasshouse as well as in field screening, 27 
accessions out of the total selected 35 accessions gave similar types of disease 
reactions in both the environments irrespective of natural conditions in field and 
artificial conditions in glasshouse. Only 7 accessions (CD-31, H-9, Ib-20, Ib-57, 
SPS-49, T-852 and T-854) gave different reactions in both the conditions which 
might be attributed to the varied environmental conditions that influence disease 
symptoms and inoculum load which leads to the lack of uniform infection as 
suggested by Salgado (1995) in the screening of beans against F. oxysporum under 
field and glasshouse conditions. The glasshouse screening method showed 
consistency in disease reactions during two years of experimentation as both the 
resistant genotypes (Ib-38 and M-488) were again found to be highly resistant 
during the following years. In the field screening there was slight differences in 
disease reactions for the two consecutive seasons as 1-14 which was resistant in 
field screening of the year 1996-97 gave tolerent response in the field screening of 
1997-98 although its reaction type remained same (tolerant) for both the years 
under glasshouse screening. However, statistically highly significant correlation 
was observed for the screening under field and glasshouse conditions indicating 
that field surveys under natural inoculum conditions may be undertaken for 
identification of resistance sources which might show similar reactions for 
damping-off under artificial epiphytotic conditions. However, the possibility of 
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accessions behaving differently in both the conditions could not be ruled out. In 
other crops also significant correlation,have been reported in field and glasshouse 
screening methods (Hoxter et al., 1992, Bansal et al., 1994 and Kores and 
Sommers, 1998) thereby suggesting that disease incidence may be used as an 
estimator of disease severity in field surveys. However, in field screening plants 
are also challenged with other pathogens in addition to Pythium dissotocum. 
Knowing the consistent reactions of the resistant and susceptible genotypes during 
two seasons under field and glasshouse conditions, two resistant (Ib-38 and M-
488), three susceptible (IS-22, SPS-23 and Thailand) and two highly susceptible 
(H-9 and Jawahar-16) accessions were selected for making crosses to study the 
inheritance pattern of damping-off resistance in opium poppy. 35 accessions were 
selected on the basis of disease reactions for damping-off, seed yield per plant and 
morphine content in straw and were put in replicated trails to carry out biometrical 
studies for damping-off resistance and other agromorphological, physiological, 
biochemical and chemical traits. 
5.2 Assessment of genetic variability, heritability, genetic advance 
and correlation studies for disease severity index for damping-
off and other characters. 
Selected 35 accessions were sown in replicated trails both in the field and 
glasshouse. Analysis of variance for all the 16 characters showed highly significant 
values showing the presence of a large range of variability among the selected 35 
accessions for all the traits including disease severity index for damping-off and 
peroxidase activity in leaves. (Table 8 & 9). The genetic and breeding aspects of 
opium poppy have been investigated more intensively in Europe (Hlavackova, 
1959; Danos, 1965; Anderson and Loof 1966) and more recently in India (Sharma 
and Singh 1983; Singh et al., 1995). However, limited variation jiave been reported 
in Indian (Singh and Khanna. 1991; Sharma ct oL, 1992) and F.uropcan genetic 
stocks (Dubedout, 1993) for mo.st of agronomic and chemical traits which might be 
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due to narrow genetic base of genotypes with common ancestry. The breeding 
objectives in these regions were different as yields of poppy straw, seed and seed 
oil were the predominant targets in Europe whereas latex yield and morphine 
content are important characteristics in India. Moreover, the different climatic 
conditions and cultural practices in Europe and India have led to the development 
of diverse cultivars with different latex yield, morphine content, lodging and 
disease resistance. 
Selection parameters like heritability in broad sense and genetic advance 
were estimated for all the sixteen characters and heretability was found to be very 
high for characters like plant height, days to 50% flowering, days to maturity, leaf 
area per plant, straw yield per plant, seed yield per plant, oil content in seeds, 
protein content in seeds, morphine content in straw and disease severity index for 
damping-off. Moderate heritability was found for traits like leaves per plant, 
peduncle length, number of stigmatic rays on main capsule, chlorophyll content in 
leaves and peroxidase activity in leaves. However, the heritability was found to b '^ 
low for number of capsules per plant. The high value of heritability suggested that 
the character is under genetic control and not influenced much by the 
environmental factors (Webber and Moothy, 1952; J9bnson"e/ ai, 1955). Similar 
results have been reported earlier for showing high heritability for morphine 
content and low heritability for number of capsules (Briza, 1983). The heritability 
of characters like flowering time, maturity time and plant height has also been 
reported to be very high (Pant et ai, 1999). In other reports, however, low to 
medium heritability has been reported for seed yield (Khanna and Shukla, 1989; 
Pant, 1999; Singh et ai. 2000) and oil content in seeds (Chen et ai, 1991) which 
are not in agreement with our results. This may be merely due to the use of 
different parental materials and the environmental variations (Falconer, 1981 and 
Poehelman, 1987). 
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Genetic advance, however, is a more reliable index for understanding the 
effectiveness of selection in improving the traits as its estimate is derived by 
involvement of heritability, phenotypic standard deviation and intensity of 
selection. Genetic advance represents the improvement in the mean genetic value 
in progeny of selected plants over the parental population. Genetic advance as 
percent of means is even more standardized parameter and was found to be high 
for characters like seed and straw yield per plant, morphine content in straw, 
protein content in seeds, peroxidase activity in leaves and DSl for damping-off. 
However, for other characters, the genetic advance was found to be quite low but 
for days to 50% flowering the value was found to be the lowest. In a earlier report, 
low genetic advance has also been reported for 50% flowering which is in close 
agreement with our results (Singh, et or/., 1995). 
Heritability estimates in conjunction with genetic advance express the 
expected gain resulting from selection. Heritability in broad sense is more reliable, 
if accompanied by a high genetic advance. Estimates of heritability and genetic 
advance play an important role in exploiting the available variability in the 
populations of breeding materials. High heritibility is not enough to make efficient 
selection in advanced generations unless accompanied by substantial amount of 
genetic advance (Ramanujam and Trumalachar. 1967). It is also reported that a 
character is governed by non-additive gene effects if it has high heritability and 
low genetic advance; and additive gene effects when both heritability and genetic 
advance are high. In our observations, characters like, seed and straw yield per 
plant, protein content in seeds, morphine content in straw, peroxidase activity in 
straw and disease severity index for damping-off showed high heritability along 
with high values of genetic advance as percent of means, suggesting thereby that 
these traits may be easily improved through selection and selection based breeding 
approaches should be followed for these traits. 
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The correlation coefficients (both genotypic and phenotypic) were 
estimated between all the characterc and resuhs have been presented in table - 12. 
The disease severity index (DSI) for damping-off showed highly significant 
negative genotypic and phenotypic correlation only with seed yield per plant 
(r =- 0.80**) indicating as expectedly that with increase in DSI (more 
susceptibility), the seed yield per plant would decrease. The seed yield per plant 
also showed highly positive correlation with straw yield per plant (r = 0.96**). 
Morphine content in straw has been found to have positive correlation with protein 
content in seeds (r = 0.73**) and chlorophyll contents in leaves (r = 0.70*). Protein 
content in seeds has been found to have significant positive correlation with 
chlorophyll contents in leaves (r = 0.76**). Positive significant correlation of plant 
height has been found with days to 50% flowering (r = 0.71 *) and days to maturity 
(r = 0.75**). However, characters like number of leaves per plant, leaf area per 
plant peduncle length, number of capsules per plant, number of stigmatic rays on 
main capsule, oil content in seeds and peroxidase activity in leaves did not show 
any significant correlation with any of the sixteen characters in the present study. 
Our results of character association showing no significant correlation between 
seed yield and number of capsules have supported the observations made by 
Khanna and Singh (1975). However, significant negative correlation of seed yield 
with disease severity index for damping-off is obvious due to the fact that seed 
yield would decline as there will be increase in the disease severity index. 
In previous reports the relationship within and between agro-
morphological and chemical traits have been studied by several workers on various 
genetic materials. The number of capsules, number of stigmatic rays and dry plant 
weight have been reported to be positively correlated at the genotypic level with 
opium, morphine and seed yields (Khanna and Singh, 1975). Among the 
agronomic traits, positive correlation has been found between capsule number, size 
and husk weight (Kaickcr et al, 1976). Dubcdout (1993) and Shukla and Khanna 
(1987) reported a positive correlation among the number of capsules, their yield 
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and the seed yield. They also reported positive correlation of time of flowering 
with weight of the capsules. Khanna and Shukla (1991) also reported association 
between white latex and papaverine content. However, Dubedout (1993) could not 
find any correlation between the agro-morphoIogical characteristics and the 
content of the morphinane alkaloids of the capsules. Among the alkaloids, the 
morphine content was found to be positively correlated to the thebaine and codeine 
contents. Positive correlation has also been reported between seed yield and oil 
yield, oil yield and oil content, and oleic acid and palmitic acid contents in the seed 
oil (Bajpai et al., 199i9). In a recent report seed yield and plant height have been 
found to be negatively correlated with morphine content in peduncle and capsule 
straws, the yield of morphine from capsule and peduncle straws and total morphine 
yield (Bajpai et al., 2000). . 
Studies on disease resistance have indicated that large numbers of 
monogenic resistance genes may have been effective in plant populations. Any 
relationship of resistance with some biochemical parameters could help in efficient 
screening of different resistance sources. The present study indicates that though 
not significant, there is negative correlation between peroxidase activity in leaves 
and disease severity index for damping-off. These results are in agreement with 
earlier reports by Kalia-et-al., 1988 who reported increase in peroxidase activity 
with the increase in resistance to powdery mildew resistance in peas. The effects of 
peroxidase activity on resistance or susceptibility in other host pathpgen 
interacfions have also been studied (Fehrmann and Dimond, 1967; Reuveni, 1991, 
1992). Enhanced peroxidase activity is very often associated with resistance 
phenomenon because it acts as a generator of toxic free radicals and lignin 
production or accumulation of phenolic compounds (Reuveni. 1991, 1992). High--
heritability and genetic advances as percent of means for peroxidase activity and 
DSI reveal that disease resistant plants in advanced generations can be selected on 
the basis of high levels of peroxidase activity. This observation is further supported 
by the high correlation cocfficicnls between peroxidase activity and the disease 
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severity index where with the decrease in DSl i.e. resistance to damping-off there 
is increase in peroxidase activity as asociation between these characters has been 
observed. 
5.3 Inheritance studies for resistance to Pythium dii/ssotocum 
There are very few reports of genetic studies for disease resistance in 
opium poppy except for inheritance studies on downy mildew resistance (Dhawan, 
et al. 1998). During the last few years a significant progress has been made 
towards the development of standard screening procedures for identification of 
resistance sources and two resistance sources (Ib-38 and M-488) could be 
identified for Pythium dissotocum using cornmeal sand culture. This method was 
standardized and then used for all further screening programmes of genetic studies 
for resistance to damping-off. 
A hybridization programme was initiated involving two resistant (Ib-38 
and M-488) and five susceptible (H-9, SPS-23, IS-22, Thailand and Jawahar-16) 
genotypes to study the genetics of damping-off resistance and its incorporation into 
susceptible but otherwise high yielding cultivars. All possible reciprocal cross 
combinations were prepared and different generations including 24 F|S, 19 F2S, two 
plant progenies of F3 and two backcross combinations could be developed which 
were screened under glasshouse conditions to understand the underlying genetic 
mechanisms involved in resistance for damping-off in opium poppy. 
Allelic tests were carried out by involving all available resistant x 
resistant and susceptible x susceptible reciprocal crosses. The progeny 
performance for damping-off reactions invariably revealed no segregation for 
resistant and susceptible types in each of the F|'s and reciprocal Fi's belonging to 
resistant x resistant and susceptible x susceptible cross combinations (Table 13). 
The results of disease reactions on F2 and reciprocal F2 progenies supported the 
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absence of allelic differences and presence of background effects found in these 
generations. 
The frequency distribution of disease reactions for damping-off in F| 
crosses of resistant x susceptible combinations showed all susceptible reactions 
indicating thereby the recessive nature of genes governing damping-off resistance. 
No differences could be observed between the corresponding reciprocal cross 
combinations suggesting the absence of any cytoplasmic effects and possibility of 
only nuclear genes governing damping-off resistance. 
All the F2 generations of the reciprocal cross combinations between 
resistant x susceptible parents showed 3 (susceptible): 1 (resistant) segregation and 
no differential reaction could be observed. These patterns of segregation ratios 
suggest monogenic recessive nature of the gene governing damping-off resistance 
in opium poppy. 
The segregation ratios in the back cross combinations where resistant 
parent was used as doijjef^  parent (B|), the segregation ratio of 1:1 was observed in 
all the combinations as otherwise expected thereby supporting the monogenic 
recessive nature of the gene governing damping-off resistance in opium poppy. In 
the backcross combinations where susceptible parents were used as doner parent 
(B2), susceptible reactions were observed in all the combinations. These 
observations also support the monogenic recessive nature of the gene governing 
damping-off resistance. 
The disease reactions for damping-off resistance on F3 plant progenies of 
two cross combinations involving resistant and susceptible parents could be 
studied and frequency distributions again suggested monogenic recessive control 
for this disease as the ratio of 1 (resistant) : 2 (segregating) : 1 (susceptible) 
adequately fitted in all the three cross combinations thereby further supporting the 
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view of monogenic control of damping-off resistance in opium poppy. Based on 
the results on all the generations a single recessive gene designated herein as pd-1 
have been found to be responsible for damping-off resistance caused by Pythium 
dissotocum in both the resistant parents Ib-38 and M-488. 
There is no earlier report for the study of damping-off resistance in opium 
poppy. In other crop plants too, very few reports have been encountered for the 
study of genetic mechanisms of this disease. York et al. 1977 studied the 
inheritance of resistance to seed decay and pre-emergence damping-off in snap 
beans {Phaselous vulgaris) caused by Pythium ultimum and found that resistance 
was polygenic and recessive. Dickson and Boettger (1977) studied the inheritance 
of resistance to Pythium ultimum, Rhizoctonia solani and Fusarium solani in 
Phaseolus vulgaris and also found quantitative inheritance for all the three 
diseases. Similarily Goode et al. (1988) reported polygenic inheritance of 
resistance to Pythium spp. in spinach. Kumar et al. (1991) also reported polygenic 
inheritance of resistance for damping-off in chickpea. 
Though no significant differences could be found in F2 generations of the 
reciprocal cross combinations for damping-off reactions, however, in five 
reciprocal cross combinations (Jawahar - 16 x lb - 38, IS - 22 x lb - 38, Thailand x 
lb - 38 and H - 9 x M - 488, H - 9 x lb - 38), the number of resistant seedlings were 
found to be more when the resistant parent was taken as male showing male effect 
in all these combinations. Similarly in backcrosses too, more number of resistant 
seedlings were recorded when resistant parent was used as male as was observed in 
two F2 cross combinations. In earlier reports evidence of cytoplasmic control and 
paternal / biparental transmission has also been reported for downy mildew 
resistance caused by Perenospora arborescence in opium poppy (Dhawan et al., 
1998). Kiss et al. (1978), also reported the presence of maternal effects for the 
inheritance of resistance to R. solani in sugarbeet {Beta vulgaris). 
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5.3 Gene effects for damping-off resistance and other 
morphological, physiological, biochemical and chemical traits. 
Nature and magnitude of different gene effects for the different character 
help in using proper breeding methods, which contribute to increased yield. The 
efficient exploitation of the prevalent gene actions has been achieved to a greater 
•J. QxlQnX in allogamous crops like maize. However, m autogamous cvoip^ like o^'wxm 
poppy, on the other hand, fixable gene effects have been mainly exploited through 
routine pedigree method. The present study was undertaken to characterize the 
genetic architecture for eight characters (plant height, number of capsules per 
plant, seed yield per plant, straw yield per plant, chlorophyll content in leaves, 
morphine content in straw, peroxidase activity in leaves and disease severity index 
for damping-off) in two cross combinations (Ib-38 x Jawahar-16 and Ib-38 x H-9) 
of opium poppy. The joint scaling test of Cavalli (1952) was applied and additive 
dominance model was found to be inadequate due to highly significant x values 
for seed yield per plant, morphine content in straw and disease severity index for 
damping-off in cross Ib-38 x Jawahar- 16 and for plant height, straw yield per 
plant, chlorophyll content in leaves, morphine content in straw, peroxidase activity 
in leaves and disease severity index for damping-off in cross Ib-38 x H-9. The joint 
scaling test was found to be adequate for plant height, number of capsules per 
plant, straw yield per plant, chlorophyll content in leaves and peroxidase activity in 
leaves in cross (Ib-38 x Jawahar-16 and for number of capsules per plant and seed 
yield per plant in cross Ib-38 x H-9 which indicated the absence of epistatic gene 
effects for these traits in the respective crosses. Then six-parameter model of Jinks 
and Jones (1958) was applied to estimate various main and interaction gene effects 
for all the eight characters. (Table - 17 & 18) 
Both the additive and AommaixX gene ei^ecXs were ^onnd important in the 
inheritance of most of the traits except for plant height, peroxidase activity in 
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leaves and disease severity index for damping-off where only additive gene effects 
were predominant. 
Additive gene effects, though lower in magnitude, were significant for 
almost all the characters except for seed yield per plant, chlorophyll content per 
plant and morphine content per plant in cross lb-38 x Jawahar-16 and seed yield 
per plant and straw yield per plant for cross Ib-38 x H-9. Several authors have 
earlier emphasized the predominance of additive variance in the genetic control of 
several agromorphological characters of opium poppy (Singh and Khanna 1975; 
Hlavackova, 1978; Khanna and Shukla, 1989; Kandalkar et ah 1992, Shukla 1992, 
Dubedout, 1993). 
In general the estimates of dominance component were found to be 
higher than the corresponding additive components for all the charactersin both the 
crosses indicating the preponderance of dominance gene effects. This 
preponderance of dominance type of variance may be real or may only be 
apparent. The apparent preponderance of dominance variance may result due to 
dispersion of genes with additive effects (positive or negative) among the parents 
in such a manner that it may lead to the reduced value of additive [d] variance as a 
result of blanching effects of the genes with opposite effects in each parent. Thus 
the [h] may exceed [d], although each [h] may not be larger or sometimes may 
even be smaller than the corresponding [d]. In such situations, it is possible that 
intermating in segregating generations followed by selection may break some 
undesirable linkages and subsequently yield desirable recombinants. This will 
consequently result in higher response per cycle of selection then is achieved by 
obligate selfing in pedigree method of breeding. The usefulness of intermating in 
early generations has been demonstrated for improvement in self pollinating crops 
like wheat (Gill ef al., 1973; Balyan and Venna, 1985). 
Among the epistatic interactions, it has been observed that the magnitude 
of dominance x dominance [I] effect was higher than other interactions for all the 
characters except for DSI for damping-off where additive x dominance effects 
were more pronounced. Similar results were also reported by Singh et al. (2000) 
for capsule per plant, seed yield per plant, straw yield per plant and fixed oil 
content in opium poppy. Further, parameters [h] and [1], on the basis of which the 
classification of epistasis is done, had opposite signs for all the characters in both 
the crosses except for peroxidase activity in leaves in the cross Ib-38 x H-9. These 
results indicate the presence of duplicate type of epistasis for all the character 
except peroxidase activity in leaves in the cross Ib-38 x H-9, where complimentary 
type of epistasis was found. Singh et al. (2000) also reported duplicate type of 
epistasis for capsules per plant, seed yield per plant and straw yield per plant in 
opium poppy. 
The presence of a large magnitude of [h] alongwith duplicate epistasis for 
most of the traits tend to hinder the progress and make it difficult to fix them at a 
high level of menifestation. Complimentary type of epistasis, however, can be 
ufilized more successfully since it is more stable (Sharma et al.. 1991 and 
Singh et al., 2000) Genetic variations in different agromorphological traits of 
economic importance have been studied in various populations. However, 
heterogeneity of the plant material used in different studies limits the comparison 
of the results and generalization of the conclusions (Saini and Kaicker, 1982) 
From the analysis of gene effects in both the cross combinations it can be 
concluded that additive effect account for most of the genetic variance for disease 
severity index (DSI) of damping-off, peroxidase activity in leaves and plant height 
although epistatic effects arc also important for these traits. It should be possible to 
combine resistance genes from different sources into a single cultivar by selecting 
from transgrcssive scgrcgants. liitcrmating in early gcncnUions should be carried 
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out as it will help in proper utilization of both additive and non-additive effects and 
will lead to the accumulation of favorable additive genes. 
During the course of genetic studies of disease resistance for three 
major diseases of opium poppy (damping-off downy mildew and collar rot), a 
large number of promising genotypes were selected from among different 
generations of the crosses involving resistance sources of these three diseases. One 
such genotype named T-7 was selected from the F3 generation of a cross 
combination of N-3 x IS-22, where N-3 was reported to be highly resistant to 
downy mildew and tolerant to damping-off diseases and IS-22 was highly resistant 
to collar rot disease. F4 generation of the cross (N-3 x IS-22) was screened on the 
basis of downy mildew reactions and seed and straw yield under field conditions. 
The selected plants within the plant progenies were first screened for damping-off 
and the surviving plants in the pots were then screened for collar rot followed by 
screening for downy mildew. The surviving plants were selfed in pots and seeds 
were collected. T-7 gave high seed and straw yield during the following season in 
the initial evaluation trial (lET) when it also showed highly resistant reactions to 
downy mildew and tolerant reactions to both damping-off and collar rot diseases 
under epiphytotic conditions in the glasshouse and natural inoculum conditions in 
the field. Repeated progeny selections and evaluations were carried out in bench 
scale (BST) and pilot scale trials (PST) leading to the development of a distinct, 
uniform and stable elite line christened as 'Rakshit' which was later released as a 
variety by the Varietal Release Committee of CIMAP during November. 2000. The 
variety Rakshit was later also got registered (Dhawan et al. 2001). The same has 
also been filed as a patent in USA (Dhawan el al. 2000: US Patent Application 
Number 09/537,186 filed on 31.3.2000) as "disease resistant and high yielding 
variety of opium poppy {Papaver somniferum L.)." 
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SUMMARY 
CHAPTER-6 
SUMMARY 
Screening of 159 germplasm collections available in the National Gene 
Bank of Medicinal and Aromatic Plants at Central Institute of Medicinal and 
Aromatic Plants (CIMAP), Lucknow was carried out under field and glasshouse 
conditions to identify new resistance sources for damping-off caused by Pythium 
dissotocum. In field experiments the disease incidence was not found to be uniform 
under the natural inoculum conditions. However, differential reactions for 
damping-off among the genotypes under field conditions could be observed which 
were more or less consistent over different years of screening. In glasshouse 
experiments modified screening method of Sattar et al. (1995) was used where 
inoculations with homogenized com meal sand culture were found to be easy and 
successful in differentiating the genotypes. The seedlings of all the accessions were 
inoculated with this inoculum at 2 - 3 leaf stage and distinct differences into 
resistant and susceptible reaction types could be observed. The results of initial 
screening of 159 accessions of opium poppy which included commercial varieties, 
elite selections, morphologically distinct inbred lines, mutants and some 
introductions from Rajasthan, Madhya Pradesh and Thailand for damping-off 
during 1996 - 97 season in field and glasshouse conditions showed wide 
differences is disease reactions. Ahhough three accessions viz. (1-14, Ib-38 and M-
488) were found resistant in field screening but under glasshouse conditions only 
two (Ib-38 and M-488) gave resistant reactions. Four tolerant accessions (T-210-5, 
T-850, Rakhsit and Shakti) were found in field screening but during the glasshouse 
screening tests ten tolerant accessions (1-14, Ib-57, N-3, S-373, S-383, SPS-49, T-
210-5. T-850, Rakshit and Shwcla Broad) were identified. The number of 
susceptible and highly su.sccptible accessions also differed under both the 
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environments as in field, 98 accessions were found susceptible and 54 highly 
susceptible. However, under glasshouse conditions there were 58 susceptible and 
89 highly susceptible genotypes. In earlier reports of screening of opium poppy 
germplasm accessions for damping-off (Sattar et al. 1995), three accessions 
(Ib-20, Ib-38 and CD-31) were found to be resistant both under field and 
gleisshouse screening. However, in our results Ib-20 and CD-31 have been found to 
be highly susceptible, though, I b - 3 8 was consistantly found to be resistant both 
under field and glasshouse conditions. Besides, Ib-38, a new resistance source M-
488 has been identified which has not been reported earlier. A wide variability was 
observed among the 159 accessions for seed yield per plant during 1996-97 crop 
season. However, only 66 samples could be analyzed for morphine content for 
which again a wide variability was observed. 
Out of the 159 diverse accessions of opium poppy, 35 accessions were 
selected on the basis of disease reactions for damping-off, seed yield per plant and 
morphine content in straw, which were then evaluated in replicated trials both 
under field and glasshouse conditions for reactions to damping-off during 1997-98 
season. The same two accessions Ib-38 and M-488 which were found resistant 
under glasshouse screening of previous season were again found resistant under 
glasshouse as well as field conditions for damping-off reactions. There was some 
variation in disease reactions under glasshouse and field conditions as only five 
accessions (1-14, T-120-5, T-850, T-852 and Rakshit) were found tolerant under 
glasshouse screening, whereas six accessions (1-14, Ib-57, N-3, T-210-5, T-850 
and Rakshit) were found tolerant in field conditions. In field screening as many as 
15 accessions were graded as susceptible and 12 as highly susceptible. However, 
under glasshouse conditions 18 accessions were found susceptible and 10 were 
highly susceptible. These results indicated that while there were distinct reaction 
types of different categories in glasshouse as well as in field screening, 27 
accessions out of the total selected 35 accessions gave similar types of disease 
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reactions in both the environments irrespective of natural conditions in field and 
artificial conditions in glasshouse. 
Only 8 accessions (H-9, Ib-57, N-3, P-144, P-165, SPS-49, T-852 and 
T-854) gave different reactions in both the conditions which might be attributed to 
the varied environmental conditions that influence disease symptoms and inoculum 
load which leads to the lack of uniform infection as suggested by Salgado (1995) 
in the screening of beans against F. oxysporum under field and glasshouse 
conditions. 
However, statistically highly significant correlation was observed for the 
screening under field and glasshouse conditions indicating that field surveys under 
natural inoculum conditions may be undertaken for identification of resistance 
sources which might show similar reactions for damping-off under artificial 
epiphytotic conditions. 
Analysis of variance for all the 16 characters (Plant height, days to 50 % 
flowering, days to maturity, number of leaves per plants, leaf area per plant, 
peduncle length per plant, number of capsules per plant, number of stigmatic rays 
on main capsule, straw yield per plant, seed yield per plant, chlorophyll content in 
leaves, oil content in seeds, protein content in seeds, morphine content in straw, 
peroxidase activity in leaves and disease severity index for damping-off) showed 
highly significant values showing the presence of a large range of variability 
among the selected 35 accessions for all the traits including disease severity index 
for damping-off and peroxides activity in leaves. Selection parameters like 
heritability in broad sense and genetic advance were estimated for all the sixteen 
characters and heritability was found to be very high for characters like plant 
height, days to 50% flowering, days to maturity, leaf area per plant, straw yield per 
plant, seed yield per plant, oil content in seeds, protein content in seeds, morphine 
content in straw and disease severity index for damping-off Moderate heritability 
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was found for traits like leaves per plant, peduncle length, number of stigmatic rays 
on main capsule, chlorophyll content in leaves and peroxidase activity in leaves. 
However, the heritability was found to be low for number of capsules per plant. 
The high values of heritability suggested that the characters are under genetic 
control and not influenced much by the environmental factors (Webber and 
Moothy, 1952; Johnson et ai, 1955). Similar results have been reported earlier for 
showing high heritability for morphine content and low heritability for number of 
capsules (Brlza, 1983). 
Genetic advance as percent of means was found to be high for characters 
like seed and straw yield per plant, morphine content in straw, protein content in 
seeds, peroxidase activity in leaves and DSI for damping-off However, for other 
characters, the genetic advance was found to be quite low but for days to 50% 
flowering the value was found to be the lowest. In a earlier report, low genetic 
advance has also been reported for 50 % flowering which is in close agreement 
with our results (Singh, et ai, 1995). In our observations, characters like, seed and 
straw yield per plant, protein content in seeds, morphine content in straw, 
peroxidase activity in leaves and disease severity index for damping-off showed 
high heritability along with high values of genetic advance as percent of means, 
suggesting thereby that these traits may be easily improved through selection and 
selection based breeding approaches should be followed for these traits. 
The correlation coefficients (both genotypic and phenotypic) were 
estimated between all the characters and disease severity index (DSI) for damping-
off showed highly significant negative genotypic and phenotypic correlations with 
seed yield per plant (r = -0.80**) indicating as expectedly that with increase in DSI 
(more susceptibility), the seed yield per plant would decrease. The seed yield per 
plant also showed highly positive correlation with straw yield per plant 
(r = 0.96**). Morphine content in .straw has been found to have positive correlation 
with protein content in seeds (r = 0.73**) and chlorophyll content in leaves 
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(r = 0.70*). Protein content in seeds has been found to have significant positive 
correlation with chlorophyll content in leaves (r = 0.76**). Positive significant 
correlation of plant height has been found with days to 50% flowering (r = 0.71*) 
and days to maturity (r = 0.75**). Our results of character associations showing no 
significant correlation between seed yield and number of capsules has been 
supported by Khanna and Singh (1975). However, significant negative correlation 
of seed yield with disease severity index for damping-off is obvious due to the fact 
that seed yield would decline as there will be increase in the disease severity index. 
Any relationship of resistance with some biochemical parameters could help in 
efficient screening of different resistance sources. The present study indicates that 
though not significant, there is negative correlation between peroxidase activity in 
leaves and disease severity index for damping-off. These results are in agreement 
with earlier reports by Kalia et al. (1988) reported increase in peroxidase activity 
with the increase in resistance to powdery mildew in peas. High heritability and 
genetic advance as percent of means for peroxidase activity and DSI reveal that 
disease resistant plants in advanced generations can be selected on the basis of high 
levels of peroxidase activity. This observation is further supported by the high 
correlation coefficients between peroxidase activity and the disease severity index 
where with the decrease in DSI i.e. resistance to damping-off there is increase in 
peroxidase activity. 
Knowing the consistent reactions of the resistant and susceptible 
genotypes during two seasons under field and glasshouse conditions, two resistant 
(Ib-38 and M-488), three susceptible (lS-22. SPS-23 and Thailand) and two highly 
susceptible (H-9 and Jawahar-16) accessions were selected for making crosses to 
study the inheritance pattern of damping-off resistance in opium poppy. All 
possible reciprocal cross combinations were prepared and different generations 
including 24 F|S, 19 F2S, two plant progenies of F3 and two backcross combinations 
could be developed which were screened under glasshouse conditions to 
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understand the underlying genetic mechanisms involved in resistance for damping-
off in opium poppy. 
Allelic tests were carried out by involving all available resistant x 
resistant and susceptible x susceptible reciprocal crosses. The progeny 
performance for damping-off reactions invariably revealed no segregation for 
resistant and susceptible types in each of the F|'s and reciprocal F/s belonging to 
resistant x resistant and susceptible x susceptible cross combinations. The results 
of disease reactions on F2 and reciprocal F2 progenies supported the absence of 
allelic differences and presence of background effects found in these generations. 
The frequency distribution of disease reactions for damping-off in Fi crosses of 
resistant x susceptible combinations showed all susceptible reactions indicating 
thereby the recessive nature of genes governing damping-off resistance. No 
differences could be observed between the corresponding reciprocal cross 
combinations suggesting the absence of any cytoplasmic effects and possibility of 
only nuclear genes governing damping-off resistance. 
All the F2 generations of the reciprocal cross combinations between 
resistant x susceptible parents showed 3 (susceptible): 1 (resistant) segregation and 
no differential reaction could be observed. These patterns of segregation ratios 
suggest monogenic recessive nature of the gene governing damping-off resistance 
in opium poppy. The segregation ratios in the back cross combinations where 
resistant parent was used as donor parent (B(), the segregation ratio of 1:1 was 
observed in all the combinations as otherwise expected thereby supporting the 
monogenic recessive nature of the gene governing damping-off resistance in opium 
poppy. In the backcross combinations where susceptible parents were used as 
donor parent (B2), susceptible reactions were observed in all the combinations. 
These observations also support the monogenic recessive nature of the gene 
governing damping-off resistance. The disease reactions for damping-off resi.stance 
on F3 plant progenies of two cross combinations involving resistant and susceptible 
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parents was studied and frequency distributions again suggested monogenic 
recessive control for this disease as the ratio of 1 (resistant) : 2 (segregating) : 1 
(susceptible) adequately fitted in all the three cross combinations thereby further 
supporting the view of monogenic control of damping-off resistance in opium 
poppy. Based on the results on all the generations a single recessive gene 
designated herein as pd-l have been found to be responsible for damping-off 
resistance caused by Pythium dissotocum in both the resistant parents, Ib-38 and 
M-488. There is no earlier reports for the study of damping-off in opium poppy. 
However, some reports of genetic studies for Pythium spp. in crops like snap 
beans {Phaseolous vulgaris) (York e( a!., 1977; Dickson and Boettger 1977), 
spinach (Goode et al., 1988) and chickpea (Kumar, 1991) have reported polygenic 
inheritance of resistance for this disease. 
Though no significant differences could be found in F2 generations of the 
reciprocal cross combinations for damping-off reactions, however, in five 
reciprocal cross combinations (Jawahar-16 x Ib-38, IS-22 x Ib-38, Thailand x Ib-
38, H-9 X Ib-38 and H-9 x M-488,), the number of resistant seedlings were found 
to be more when the resistant parent was taken as male showing male effect in all 
these combinations. Similarly in backcrosses too, more number of resistant 
seedlings were recorded when resistant parent was used as male as was observed in 
two F2 cross combinations. In earlier reports evidence of cytoplasmic control and 
paternal / biparental transmission has also been reported for downy mildew 
resistance caused by Perenospora arborescence in opium poppy (Dhawan et al., 
1998). Kiss et al. (1978), also reported the presence maternal effects for the 
inheritance of resistance to R. solani in sugarbeet {Beta vulgaris). 
The study was undertaken to characterize the genetic architecture for 
eight characters (plant height, number of capsules per plant, seed yield per plant, 
straw yield per plant, chlorophyll content in leaves, morphine content in straw, 
peroxidase activity in leaves and disease severity index for damping-off) in two 
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cross combinations (Ib-38 x Jawahar-16 and Ib-38 x H-9) of opium poppy. The 
joint scaling test of Cavalli (1952) was applied and additive dominance model was 
found to be inadequate due to highly significant values for most of the characters 
which indicate the presence of epistatic gene effects for these traits in the 
respective crosses. Then six-parameter model of Jinks and Jones (1958) was 
applied to estimate various main and interaction gene effects for all the eight 
characters. Both the additive and dominant gene effects were found important in 
the inheritance of most of the traits except for plant height, peroxidase activity in 
leaves and disease severity index for damping-off where only additive gene effects 
were predominant. 
Additive gene effects, though lower in magnitude, were significant for 
almost all the characters except for seed yield per plant, chlorophyll content per 
plant and morphine content per plant in cross Ib-38 x Jawahar-16 and seed yield 
per plant and straw yield per plant for cross Ib-38 x H-9. Several authors have 
earlier emphasized the predominance of additive variance in the genetic control of 
several agromorphological characters of opium poppy (Singh and Khanna 1975; 
Hlavackova, 1978; Khanna and Shukla, 1989; Kandalkar et al., 1992; Shukla 1992; 
Dubedout, 1993). 
In general, however, the estimates of dominance component were found 
to be higher than the corresponding additive components for all the characters in 
both the crosses indicating the preponderance of dominance gene effects. Among 
the epistatic interactions, it has been observed that the magnitude of dominance x 
dominance [1] effect was higher than other interactions for all the characters except 
for DSI for damping-off where additive x dominance effects were more 
pronounced. Similar results were also reported by Singh el al. (2000) for capsule 
per plant, seed yield per plant, straw yield per plant and fixed oil content in opium 
poppy. Further, parameters [h] and [1], on the basis of which the classification of 
epistasis is done, had opposite signs for all the characters in both the crosses except 
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for peroxidase activity in leaves in the cross Ib-38 x H-9. These results indicate the 
presence of duplicate type of epistasis for ail the character except peroxidase 
activity in leaves in the cross Ib-38 x H-9, where complimentary type of epistasis 
was found. Singh et al. (2000) also reported duplicate type of epistasis for capsules 
per plant, seed yield per plant and straw yield per plant in opium poppy. From the 
analysis of gene effects in both the cross combinations it can be concluded that 
additive effect account for most of the genetic variance for disease severity index 
(DSI) of damping-off, peroxidase activity in leaves and plant height although 
epistatic effects are also important for these traits. It should be possible to combine 
resistance genes from different sources into a single cultivar by selecting from 
transgressive segregants. Intermating in early generations should be carried out as 
it will help in proper utilization of both additive and non-additive effects and will 
lead to the accumulation of favorable additive genes. 
During the course of genetic studies of disease resistance for three major 
diseases of opium poppy (damping-off, downy mildew and collar rot), a large 
number of promising genotypes were selected from among different generations of 
the crosses involving resistance sources of these three diseases. One such genotype 
named T-7 was selected from the Fj generation of a cross combination of 
N-3 X IS-22, where N-3 was reported to be highly resistant to downy mildew and 
tolerant to damping-off diseases and lS-22 was highly resistant to collar rot 
disease. Repeated progeny selections and evaluations were carried out in initial 
evaluation (lET) bench scale (BST) and pilot scale trials (PST) leading to the 
development of a distinct, uniform and stable elite line christened as 'Rakshit' 
which was later released as a variety by the Varietal Release Committee of CIMAP 
during November, 2000. The variety Rakshit was later also got registered (Dhawan 
et al. 2001). The same has also been filed as a patent in USA (Dhawan et al. 2000; 
US Patent Application Number 09/537, 186 filed on 31.3.2000) as "disease 
resistant and high yielding variety of opium poppy (Papaver sonviiferum !..)." 
99 
BIBLIOGRAPHY 
CHAPTER - 7 
BIBLIOGRAPHY 
Abad, Z.G., Shew, H. D., Lucas, L T. 1994. Characterization and pathogenicity of 
Pythium species isolated from turfgrass with symptoms of root and crown rot in 
north Carolina . Phytopathology. 84: 913 - 921. 
Alam, M., Sattar, A. and Janardhanan, K.K. 1991. Changes in phenol and 
peroxidase in the leaves of Java citronella infected with Curvularia andropogohis. 
Biologia Plantarum. 33: 211 - 215. 
Alam, M., Sattar, A. and Janardhanan, K.K. 1998. Management of damping-off 
disease of opium poppy. Indian Phytopathol. 51: 269 - 272. 
Alam, M., Sattar, A. Chaurasia, H.K. and Jaanardhanan, K.K. 1996. Damping-off 
a new disease of opium poppy caused by Pythium dissotocum. Indian Phytopathol. 
49: 94 - 97. 
Alefeld. (1860). Landwirtschoftliche Flora. 
Altier, N.A. and Theies, J.A. 1995. Identification of resistance to Pythium seedling 
diseases in alfalfa using a culture plate method. Plant Dis. 79: 341 - 346. 
Amble, V.N. 1975. Statistical methods in animal sciences. ISAS publication, 
lASRK New Delhi. 
100 
Anand, G.P.S. and Summanwar, A.S. 1981. Studies on mosaic disease of opium 
poppy. Indian Phytopathol. 34: 262. 
Ananda Rao, P.K. and Haware, M.P. 1987. Inheritance of dry root rot 
{Rhizoctonia bataticola ) resistance in chickpea (Cicer arietinum). Plant Breeding. 
98 : 349 - 352. 
Anderson, G. and Loof B. 1966. Erhoung das anbauwertes des mohns dunch 
zuchtung. Pharmazie. 21: 24. - 245. 
Angell, H.R. 1950. Seedlings blight, II. Soil in relation to seedling blight of 
Opium poppy and peas. Aust .J. Agric. Res. 1: 132. 
Anonymous. 1986. Annual report 1985 - 86. Lucknow, India: Centeral Institute of 
Medicinal and Aromatic Plants (CIMAP): 40 pp. 
Arnon, D.I. 1949. Copper enzymes in isolated chloroplast: polyphenoloxidase in 
Beta vulgaris. Plant Physiol. 24: 1 - 15. 
Aruna, K. and Shivaramakrishnan, V.M. 1992. Anticarcinogenic effects of some 
Indian plants. Food Chem.Tox. 30: 953 - 956. 
AtanosofT, D., Dodoff, D.N., Kovacevski, I.C, Martinoff, S.I., Trifonova, Mme. 
V. and Chrisstoff, A. 1932. Parasitic fungi new to Bulgaria. Third contribution 
yearbook. Univ.of Sofia, Foe. Agric; Sofia. X: 341 
Baayen, R.N., Spamaaij, L.D., Jansen, J., Niemann, G.J. 1991. Inheritance of 
resistance in carnation against Fusarium oxysponim f spp. dianlhi races 1 and 2 , 
in relation to resistance components. Ncth. .1. Plant Pathol. 97: 73 - 86. 
101 
Bajpai, S., Gupta, M..M. and Kumar, S. 1999. Identification of Indian landraces of 
Opium poppy Papaver somniferum resistant to damping off and downy mildew 
fungal disease. J Phytopathol. 147: 535 - 538. 
Bajpai, S., Gupta, M.M., Sharma. S., Govil, CM. and Kumar, S. 2000. 
Interrelation between descriptions and morphine yield in Asian germplasm of 
opium poppy Papaver somniferum. Genet. Res.Crop Evo. 47: 351 - 322. 
Bajpai, S., Prajapati, S., Luthra, R.,Sharma, S., Naqvi, A. and Kumar, S. 1999. 
Variation in seed and oil yield and oil quality in Indian germplasm of opium poppy 
Papaver somniferum. Genet. Res.Crop Evo. 46: 435 - 439. 
Baker, B., Zambryski, P., Staskawicz and Dinesh-Kumar, S.P. 1997. Signaling in 
plant microbe intraction. Science. 276: 726 - 733. 
Baibi, G. 1960 Poppy seed oil in manufacture of paints and varnishes. Olearia. 14: 
97-104. 
Balyan, H.S. and Vernia, A.K. 1985. Relative efficiency of two mating systems 
and selection procedures for yield improvement in wheat. (Triticum aestivium). 
Theo. App. Genet. 71: 111 - 118. 
Bansal, V.K., Kharbanda, P.D., Stringam, G.R., Thiagarajah, M.R. and Tewari, 
J.P. 1994. A comparision of greenhouse and field screening methods for blackleg 
resistance in doubled haploid line ofBrassica napus. Plant Dis. 78: 276 - 281. 
Barton, R. 1957. Germination of oospores of Pythium mamillatiim in response to 
exudates from living seedlings. Nature. 180: 613-614. 
102 
Barton, R. 1961. Saprophytic activity of Pythium mamillatum to pioneer 
colonization of substrates. Trans. Brit. Mycolo. Soc. 44: 105 -118. 
Bartual,R., Marshal, J.I., Carbonell. E.A., Tello, J.C. and Campos, T. 1991. 
Genetics of pepper resistance to Phytophthora capsici Leon.Boletin de Sanidad 
Vegital, Plagas 17: 3-124. 
Bayaa, B., Erskine, W. and Singh, M. 1997. Screening lentil for resistance to 
Fusarium wilt: methodology and sources of resistance. Euphytica. 98: 69 -74. 
Bazzaio, M.E., Heber, E.M., Martinez, M.A., Del' Pero, Caso, O.H. 1985. Phenolic 
compounds in stems of sunflower plants inoculated with Sclerotinia sclerotiorum and 
their inhibitory effects on the fungus. Phytopathology. 112: 322 - 332. 
Benard, D., Punja, Z.K.I995. Role of Pythium species in cavity spot development 
on carrots in British Columbia. Can. J. Plant Pathol 17: 31 - 45. 
Bernath, J. 1998. Poppy : The Genus. Medicinal and Aromatic Plants. Industrial 
Profiles. Harwood Acad. Publishers. 
Benk, E. 1987. Seeds usable as nuts. Industriclle Obst und Gemueseverwertung. 
72: 282 - 284. 
Bhandari, M.M., Gupta, R., Sharma, P.P. and Joshi, A. 1997. Path analysis in 
opium poppy {P. somniferum L.). Indian J. Genet. 57: 14-18. 
103 
Bloomberg, W.J. 1981. Disease caused by Fusarium in forest nurseries. Pages 
178 -179 in: Fusarium; Diseases, Biology, and Taxonomy. P. E. Nelson, T. A. 
Toussoum and R. J. Cook, Eds. Pennsylvanea state university Poess. University Park. 
Bogarada, A.P., Lyman, V.E. and Toranich, A.P. 1971. On the resistance of 
poppy to Helminthosporiosis. Selekts Semeneov. 36: 78. 
Bolkan, H.A. 1985. A technique to evaluate tomatoes for resistance to 
Phytophthora root rot in the greenhouse. Plant Dis. 69: 708 - 709. 
Briza, J. 1983. The inheritance of seed weight per plant and morphine content in 
opium poppy. Sbomik Uvtiz., Genetica a Slechtcni 19: 307 - 318. 
Buchholtz, W.F. 1942. Influence of cultural factors on alfalfa seedling infection 
by Pythium debaryanum. Hesse Agric . Exp. Stn. Lowa. Res. Bull. 296: 568 - 592. 
Butler, E.J. 1918. Fungi and diseases in Plants Thacker Spink and Co., Calcutta. 
Pp. 344. 
Cavalli, L.L., 1952. An analysis of linkage in quantative inheritance (Ed. E. C. R. 
Rieve and C. H. Waddington). MMSO, London, pp. 135 - 144. 
Chen, H.H., Yin, L.H., Wang, D.C., Fu, Y.H., Yang, Y.H. and Linang, Z.F. 1991. 
Studies on inheritance and selection effects of protein and oil content in soybean 
III variability and genetic advance in early generations. Soyabean Sci. 10: 1-9. 
Cheristoff, A. 1934. Some plant diseases new to Bulgaria: 2"'' Contribution. 
Bull.Soc Bot .de Bulgaric VI: 37. 
104 
ChristofT, A. 1930. The Pleospora disease of cultivated poppy. Sofia iii: 99. 
ChristofT, A. 1933 .A new bacterial blight of Opium poppy caused by Bacillus 
(Erwinia) papaverin. sp . J. Agric. Exp. Stn. Bulgaria, Sofia 9-10: 31. 
ChristofT, A. 1934. Some plant disease new to Bulgaria 2'"' contribution .Bull 
Sec . Bot. de Bulgaria VI: 37. 
Christopher, S.C. 2000. Breeding and genetics of Ftisarium basal rot resistance in 
Onion. Euphytica. 115: 159-166. 
Chun, S.C. and Schneider, R.W. 1998. Sites of infection by Pyihium species in 
rice seedlings and effects of plant age and water depth on disease development. 
Phytopathology. 88: 1255-1261 
Cleij, G. 1961. Beet yellow in poppy. Euphytica. 10: 225. 
Cristinzio, G., Zema, V., Errico, A. and Saccardo, F. 1992. Introduction of 
resistance genes to Phytophthora capsici into cultivar of Capsicum 
awnMM/w'Friariello'.Capsicum Newsletter (1992) Special issue, 189 - 193. 
Cross,H., Brien, M.A., Howard, F., Schwartz, Le,W. Panella, and Patrick, 
F.Byrne. 2000. Inheritance of resistance to Fusarium wilt in two common bean 
races. Crop Sci. 40: 954-958. 
Danos, B. 1965. Effect of sexual hybridization on alkaloid production and content 
in poppy; investigation of the F| generation. Pharmazie. 20: 727 - 730. 
De Candolle. Al 1824. Prodoromus. 
105 
Deshpande, A.L., Agarwal. J.P. and Malhur. B.N. 1969. Rhizoctonia bataticola 
causing root rot of opium in Rajasthan . Indian Phylopathol. 22: 510. 
Dhawan, O.P., Shahabuddin, S., Trivedi, M., Sattar, A., Alam, M., Samad, A., 
Zaim, M., Dwivedi, S., Singh, S.P., Singh, H.P., Khanuja, S.P.S., Darokar, 
M.P., Shasney, S.K., Gupta, M.M., Luthra, R., Sharma, J.R., Lai, R.K., 
Misra, H.O., Kalra, A. and Kumar, S. 2000. Rakshit, disease resistant and 
high yielding variety of opium poppy. Patent filed in USA (US Patent 
application number 09 / 537, 186; NF 38 / 2000). 
Dhawan, O.P., Shahabuddin, S., Trivedi, M., Sattar, A., Alam,M., Samad, A., 
Zaim, M., Dwivedi, S., Singh, S.P., Singh, H.P., Khanuja, S.P.S., Darokar, M.P., 
Shasney, S.K., Gupta, M.M., Luthra, R., Sharma, J.R., Lai, R.K., Misra, H.O., 
Kalra, A. and Kumar, S. 2001. Registration of a new variety "Rakshit" of Papaver 
somniferum. J.Med. Arom. Plant Sci. 23 (under print). 
Dhawan, O.P., Sharma, J.R., Dwivedi, S. and Lai, R.K. 1998. Inheritance of 
downy mildew resistance in opium poppy: Evidence of cytoplasmic control and 
paternal / biparental transmission. J. Med. Aro. Plants. 20: 57 - 64. 
Dickson, M.H. and Boettger, M.A. 1977. Breeding for multiple root rot resistance 
in snap beans. J. Am. Soc. Hortic. Sci. 102: 373 - 377. 
Doshi, A. and Thakore, B.B.L. 1995. Sources of resistant to downy mildew of 
opium poppy. Phytopathology. 48: 339 - 341. 
Dubedout, M. 1993. Analysis of progenies from a circular plan of crosses in 
poppy {Papover somniferum I..). Ph.D. Thesis. Univ. of Paris. Orsay. 101. 
106 
Dyer, R.A. 1949. Botanical surveys and control of plant diseases. Fing. S. Afr. 24: 
119. 
Falconer, D.S. 1981. Introduction to quantitative genetics. 2'"' Edition. Longman. 
New York, p.340. 
Fedde, F. 1909. In: Das Pflanzenreich. Vol. 40, (Editor: Engler, A.) Wilhelm 
Englemann, Leipzig. 
Fehrmann, H. and Dimond, A.E, 1967. Peroxidase activity and Phytophthora 
resistance in different organs of potato plants. Phytopathology. 57: 69 - 72. 
Fokin, A.D. 1922. (Diseases and injuries of cultivated plants observed during 
summer of 1922 in the Govt of Vyatka ) Trans Fourth all Russian Entomo. 
Phytpath .Congress ,Moscow 8 - 4 Dec 1922 .p .108 . 
Frank, Z.R., Ashri, A. 1977. Breeding peanuts for resistance to Pythium- induced 
pod rot. Phytoparasitica. 5: 67 - 68. 
Gangopadhyaya, S. and Lai, S. 1986. Change in certain biochemical constituents 
in maize (Zea mays L.) leaf sheath infected with Rhizoctonia solani Kuhn. Ind J. 
Plant Pathol. 4 : 9 - 1 6 . 
GUI, K.S., Bains, S.S., Singh, G. and Bains. K.S. 1973. Partial diallel test crossing 
for yield and its components in Triticum aestivium L. Proc. 4 '^' Wheat Genet. 
Symp. (E. R. Sears and L. M. S. Sears cds) pp. 29-33, Missourri, USA. 
Ginoux, J.P., Messian, CM. 1993. Pythium susceptibility and germination failure 
in common bean ( Phaseolus vulgaris L. ). Agronomic. 13: 283 - 292. 
107 
Girzitska, M.Z.K. 1928. Conidial stage of Pleospora papaveracea (Sacc.) Protc. 
Pan. Soviet Congress Botanish, Leningrad, January 1928 p. 172. 
Goode, M.J., Morelock, T.E. and Bowers, J.L. 1988. Fall Green' Spinach. 23 (5) 
931 [En] Dep. PI. Path., Univ. Arkansas, Fayetteville, AR 72701, USA. 
Goray, I.C., Khosla, H.K., Upadhyaya. Y.M.. Naik, S.L. and Mandloi, S.C. 1987. 
Inheritance of wilt resistance in linseed. Ind. J Agric. Sci. 57: 625 - 627. 
Goray, S.C, Khosla, H.K., Upadhyaya, Y.M., Nigam, P.K. and Naik, S.L. 1988. 
Genetic analysis of resistance to linseed wilt. Indian J. Genet. 48: 247 - 249. 
Gorenz, A.M., Larson, R.H. and Walker, J.C. 1949. Factors affecting 
pathogenicity of pink root fungus in onoins. J. Agric. Res. 78: 1-18. 
Gorton, L. 1993. Coating and topping - applying the finishing touch. Baking and 
Snack (August), 45 - 46. 
Gottlieb, O.R., Kaplan, M.A.C. and Zocher, D.H.T. 1993. A chemosystematic 
overview of Megnoliidae, Ranunculidae, Cariophyllidae and Hamamelididae, In: 
Kubitzki, K., Rohwer, J. G. and Bittrich, V. (eds.) The Families and Genera of 
Vascular plants Vol. II. Springer-Verlag, Berlin. 
Gowda, P.S.B., Bhat, S.G. and Bhat, S.S. 1989. Peroxidase and polyphenol 
oxidase activities in sorghum and Peronosclerospora sorghi interaction. Curr. Sci. 
58: 1037-1038. 
Gray, F.A. and Wafford, D.S.I987. Phytophthora seed rot and seedling blight of 
sainfoin {Onohrychis vicifolia ) . Plant Dis. 71: 74-78 . 
108 
Griflln, D.M. 1963. Soil ph factors and ecology of II. Behavior of Pythium 
uitimum at small soil water suction. The Brit. Mycol. Soc. 46: 368 - 372. 
Grummer, G. 1952. Contribution to the analysis of the character. Susceptibility to 
H. papaveris in P. somniferum . Part III Zuchter 22: 366 . 
Grummer, G. 1953. (The influence of AIternaria infection of poppy capsules on 
promptitude of germination by their seeds). Floro fauna 140: 298. 
Gupta, M.M.. and Verma, R.K. 1996. Combined thin layer chromatography-
densitometery method for quantitative estimation of major alkaloids in poppy 
straw samples. Indian J. Pharm. Sci. 58: 161-162. 
Halila, M.H. and Strange, R. N. 1997. Screening of kabuli chickpea germplasm 
for resistance to Fusarium wilt. Euphytica. 96: 273 - 279. 
Halpin, J.E. and Hanson, E.W. 1958. Effect of age of seedling of alfalfa, red 
clover, ladino white clover , and sweet clover on susceptibility to Pythium. 
Phytopathology 48: 481 - 485. 
Hammer, K. and Fritsh, R.1977. The question of ancestral species of cultivated 
poppy {Papaver somniferum L .) Kulturpflonzo, 25: 113 - 124. 
Hammond-Kosack, K.E. and Jones, J.D.G. 1997. Plant disease resistance genes. 
Annu. Rev. Plant Physiol. Plant Mol. Biol. 48: 575 - 607. 
Hancock, J.G. 1983. Seedling disease of alfalfa in California . Plant Dis. 67: 
1203-1208. 
109 
Hancock, J.G. 1991 Seedling and rootlet diseases of frorage alfalfa caused by 
Pythium inegulare Plant Dis. 75: 691 - 694. 
Hartman, G.L., Huang, Y.H., Nelson, R.C. and Noel, G.R. 1997. Germplasm 
evaluation of Glycine max for resistance to Fusarium solani the causal organism of 
sudden death syndrome. Plant Dis. 81: 515-518. 
Hausbeck, M.K., Stephens, C.T. and Heins, R.D. 1989. Damping-off, root rot, and 
lower stem rot of seed-propagated geraniums caused by Pythium ultimum. Plant 
Dis. 73: 625-627. 
HIavackova, Z. 1959. The crossing of poppy with a view to increasing the 
morphine content of dry poppy heads. Plant Breeding Abstract 29: 4266. 
HIavackova, Z. 1978. Application of the three and six parameter test to the 
genetical analysis of seed weight per plant and plant height in seed poppy. 
Genetica a Slechteni. 14: 153. 
Horvath, J. and Besada, W.H. 1975. Opium poppy (Papaver somniferum L.) - a 
new natural host of turnip mosaic virus in Hungary . Z . Pflanzenschvtz. 82: 162. 
Howard, R.J., Pratt, R.G. and Williams, P.H. 1978. Pathogenicity to carrots of 
Pythium species from organic soils of North America. Phytopathology. 68: 1293 -
1296. 
Hoxter, H., Sieber, G., Miedaner, T. and Geiger, H.H. 1992. Test system for 
evaluating quantitative resistance against Fusarium foot rot in inbred lines of 
winter rye. Plant Breeding. 108: 274 - 282. 
Husain, A. and Sharma, J.R. 1983. The Opium Poppy. Central Institute of 
Medicinal and Aromatic Plants. 
ICAR. 1989. Proc. Eight All India Workshop on Medicinal and Aromatic Plants. 
ND. University of Agriculture & Technology, Kumarganj, Faizabad. 4-7 Dec. 
1989. 
Infantino, A., Porta-Puglia, A. and Singh, K.B. 1996. Screening wild Cicer 
species for resistance to Fusarium wilt. Plant Dis. 80: 42 - 44. 
Irwin, J.A.G., Maxwell, D.P. and Bingham, E.T. 1981. Inheritance of resistance to 
Phytophthora megasperma in Tetraploid Alfafa. Crop Sci. 21: 277 - 283. 
Jinks, J.L. and Jones, R.M. 1958. Estimation of the component of heterosis. 
Genetics. 43: 223 - 234. 
Johanson, H.W., Robinson, H.F. and Comstock, R.E. 1955. Genotypic and 
phenotypic correlations in soybean and their implication in selections. Agron. J. 
47:471-483. 
Jones, B.L. and Woodard, K.E. 1983. A technique for evaluating peanut germ 
plasm for resistance to Pythium myriotylum. Plant Dis. 67: 1093 - 1094. 
Kaicker, U.S., Chawdhary, D., Singh, B. and Singh, H.P. 1976. Breeding of 
opium poppy. Plant Breeding Abstract. 46: 9546. 
Kaiser, W.J. and Hanson, R.M. 1983. Etiology and control of seed decay and pre-
emergence damping-off of Chickpea by Pythium iiltimiim. Plant Dis. 67: 7 7 - 8 1 . 
II 
Kaiser, W.J., Hannan, R.M. 1983. Etiology and control of seed decay and pre-
emergence damping-off of chickpea by Pythium ultimum. Plant Dis. 1983.67: 77 - 81. 
Kalia, P. and Sharma. S.K. 1988. Biochemical genetics of powdery mildew 
resistance in pea. Theo.Appl.Genet. 76: 795 - 799. 
Kalu , N.H., Sultan, J.C. and Vaartaja, O. 1976. Pythium Spp. associated with root 
dieback of carrot in Ontario. Can . J . Plant Sci. 56: 555 - 561. 
Kandalkar, V.S., Patidar, H. and Nigam, K.R. 1992. Combining ability analysis 
for harvest index, seed yield and important component characters in opium poppy 
{Papaver somniferum L.). Ind. J. Genet Plant Breed. 52 (3): 275 - 279. 
Kothari, K.L. and Prasad, N. 1970. Downy mildew of opium poppy in Rajasthan 
.Indian Phytopathol. 23: 674. 
Keinath, A.P. and Famham, M.W. 1997. Differential cultivars and criteria for 
evaluating resistance to Rhizoctonia solani in seedling Brassica oleracea. Plant 
Dis. 81: 946-952. 
Khanna, K.R. and Shukla S. 1991. Studies on inheritance of papaverine in 
Papaver somniferum L. and morphological marker for plants with high papaverine 
content. Herba - Hungarica. 30: 7 -10 . 
Khanna, K.R. and Singh, U.P. 1975. Correlation studies in Papaver somniferum 
L. and their bearing on yield improvement. Plant Med. 28: 92 - 96. 
Khanna, K.R. and Shukla S. 1989. Gene action in opium poppy {Papaver 
somniferum). Ind. L Agri. Sci. 59: 124 - 126. 
112 
Kiss, E., Hetzer, T.- NE. POOS, K.- NF:, Virag, J. 1978. Problems and results in 
breeding sugar beet for resistance in Hungary. A cuckorrepa rezisztenciara 
nemesitesenek hazai problemai Agrartudomanyi Kozlemenyek. 37: 211 - 218. 
Khristov, A. 1943. (Fungi causing spots on the balls and moulding the seed of 
opium poppy .J .Agrie Exp .Stn Bulgaria Xiii :13. 
Kobringer, K. and Hagedorn, D.J. 1984. Additional Pythium species associated 
with the Bean root rot complex in Wisconsin's central sands. Plant Dis. 68: 595 -
596. 
Kores, G.M.W., Sommers, E.LW. 1998. Two invitro assays to evaluate resistance 
in Linum usitatissimum to Fusarium wilt disease. Eur. J. Plant Pathol. 104: 566 -
568. 
Kothari, K.L., Prasad, N. 1970. Downy mildew of opium poppy in Rajasthan. 
Indian Phytopathol. 23: 674. 
Kothari, K.L. and Prasad, N. 1972. Powdery mildew of opium poppy in Rajasthan 
and its control. Indian Phytopathol. 25: 36. 
Kothari, K.L. and Verma, A.C. 1967. Control of downy mildew of opium poppy 
by root appplication of fungicides. Plant Dis. Rep. 51: 686. 
Kovachevsky, J.CH. and Kovacncvsky. I.C. 1968. (Bean yellow mosaic virus in 
Bulgaria). Phytopathology. 61: 41. 
Kraft, J.M. and Robert, D.D.I969. Evaluation of pea introductions for resistance 
to Fusarium and Pythium root rot. Phylopatholog}'. 59: 149 - 152. 
113 
Kraft, J.M., Erwin .D.C. 1968. Effects of inoculum substrate and density on the 
virulence of Pythium aphanidermatum to Mung seedlings. Phytopathology. 58: 
1427-1428. 
Kraft, J.M., Erwin, D.C. 1967. Stimulation of Pythium aphanidermatum by 
exudates from mung bean seeds. Phytopathology. 57: 866 - 868. 
Kraft, J.M., Haware, M.P., Jimenez-Diaz, R.M., Bayaa, B. and Harrabi, M. 1994. 
Screening techniques and sources of resistance to root rots and wilts in cool season 
food legumes. Euphytica. 73: 27 - 39. 
Krikorian, A.D. and Ledbetter, M.C. 1975. Some observations on the cultivation 
of opium poppy {Papaver somniferum L.) for its latex. Hot. Rev. 41: 30. 
Krivchenko, V.J., Bakalova, V.V. 1985. Methodology for studying resistance in 
pea to Fusarium stem rot. Selektsiya I Semenovodstvo. 2: 28 - 30. 
Kubitzky, K. 1993. The families and genera of vascular plants. Vol. 11. Pp. 1-12 
Springer-Verlag, Berlin. 
Kumar, J. and Haware, M.P. 1982. Inheritance of resistance to Fusarium wilt in 
chickpea . Phytopathology.72: 1035 - 1036. 
Kumar, J., Kaiser, W.J. and Hannan, R.M. 1991. Damping-off resistance in 
Cickpeas. Plant Dis. 75: 1244 - 1245. 
Kumar, S. 1998. Inheritance of resistance to Fusarium wilt (race2) in chickpea. 
Plant Breeding. 117: 139- 142. 
14 
Kusunoki, M., Ichitani, T., 1994. Pythium spp. causing browning root rot of 
barley. Annals of the Phytopathological Society of Japan. 60: 305 - 309. 
Lai, R.K. and Sharma, J.R. 1991. Genetics of alkaloids in P. somniferum. Planta 
Medica. 57:271. 
Larkin, R.P., English, J.T., Mihail, J.D. 1995. Identification, distribution and 
comparative pathogenicity of Pythium spp. associated with alfalfa seedlings. Soil 
Biol. Biochem. 27: 357 - 364. 
Latin, R.X. and Snell, S.J. 1986. Comparison of methods for inoculation of 
muskmelon with Fusarium oxysporwn f sp. melonis. Plant Dis. 70: 297 - 300. 
Liddel, CM., Davis, R.M. and Nunez, J.J. 1989. Association of Pythium spp. with 
carrot root dieback in the San Joaquin Valley of California . Plant Dis. 73: 246 -
249. 
Loflfler, H.J.M. and Mouris, J.R. 1989. Screening for Fusarium - resistance in 
lily. Med. Fac. Landbouww. Rijks University of Gent 54/2b: 525 - 530. 
Loffler, H.J.M., Straathof, TH.P. Van Rijbroek, P.C.L. and Roebroeck, E.J.A. 
1997. Fusarium Resistance in Gladiolus: The development of a screening assay. J. 
Phytopathol. 145: 465 - 468. 
MacDonald, J.D. 1984. Salinity effects on the susceptibility of chrysanthmum 
roots to Phytophthora cryptogea. Phytopathology. 74: 621 - 624. 
Il.'5 
Malhotra, S.K., Kalloo.. Dahiya, B.S., 1994. Reaction of F2 plants from resistant x 
resistant and susceptible x susceptible crosses of tomato against Fusarium wilt. 
Agric. Sci. Dig. Kamal. 14: 90 - 92. 
Markuschenko, N.I., Zolotov, E.B., Volkova, G.A., Karetnikova. L.I., Nilova, 
I.V. and Tkchenko, O.A. 1983. Mechanization of sprinkling bread rolls and other 
bakery product with poppy seeds Khlebopekamaya Konditerskaya Promyshiennost 
2 : 3 0 - 3 1 . 
Masalab, N.A. 1938. Diseases of medicinal and of some industrial plants caused 
by species of Sclerotinia. Svetsk. Bot. 6: 67. 
McClean, A.P.D. and Cowin, S.N. 1952. Diseases of Crucifers and other plants 
caused by cabbage ring spot virus. Sci. Bull. Dep. Agric. S. Afri. No. 332 pp. 30. 
McElory, F. D., Pepin, H.S. and Ormrod, D.J. 1971. Dieback of carrot roots 
caused by Pythium debaryanum . Phytopathology 61: 586 - 587. 
Michelmore, R.W. 1995. Molecular approaches to manipulation of disease 
resistance genes. Annu Rev Phytopathol. 15: 393 - 427. 
Middleton, J.T., 1943. The taxonomy, host range and georaphic distribution of the 
genus Pythium. Mem. Torrey bot. Club. 20: 1 - 171. 
Mildenhall, J.P., Prarr, R.G., Williums, P.H. and Mitchell, J.E. 1971. Pythium 
brown root and forking of meek -grown carrots . Plant Dis. Rep. 55: 536 - 540. 
16 
Millar, P.A., Williams, V.C. Robinson, H.P. and Comstock, R.C. 1958. 
Estimates of genotypic and phcnotypic enviornmcntal variance are covariances in 
upland cottons and their implications in selections. Agron. J. 5: 126 - 136. 
Miller, C.R., Dowler, W.M., Petrsen, D.H. and Ashworth. R.P.I966. Observations 
on the mode of infection of Pythium ultimum and Phytophthora cactorum on 
young roots of peach . Phytopathology 56: 46 - 49. 
Mircetich, S.M. and Kraft, J.M. 1973. Efficiency of various selective media in 
determining Pythium population in soil. Mycopath. Mycol. Appl. 50: 151 - 161. 
Mraz, F. 1960. The influence of the harmful effect of the fungus 
Helminthosporium papaveris on poppy yields in the regions karlovy vary in the 
years 1957 and 1958 ) Ann . Aead .Tchecosl. Agric . 33: 1083. 
Muhyi, R., Bosland, P.W. 1995. Evaluation of Capsicum gemiplasm for sources 
of resistance to Rhizoctonia solani. Hort Sci. 30: 341 - 342. 
Mullar, H.M., Sorguceva, N.A., Fedontina, V.L., Schmidt, H.B., Kleinhempel, H., 
Procenko, A.E. and Spaar, D. 1974. I investigations in the USSR and GDR on the 
electron microscopic detection of mycoplasma like organism in plants). Archiv Fur 
Phytopathologic and Pflanzenschutz. 10: 15. 
Muriithi, L.M. and Claflin, L.E. 1997. Genetic variation of grain sorghum 
germplasm for resistance to Pseudomanas andropogonis. Euphytica. 98: 129 -
132. 
Neligen, A.R. 1927. The opium question. Bale and Cumow London. 
17 
Nergiz, C. and Oetles, S. 1994. The proximate composition and same minor 
constituents of poppy seeds. J. Sci. Food Agri. 66: 117 - 120. 
Nicholas, C.G. 1963. Determination of the inheritance of resistance in the onion. 
Allium cepa L. to the pink root fungus. Pyrenochaeta tenestris. Ph.D Thesis. 
University of Wisconsin. Madison. 
Nicholas, C.G., Gabelman, W.H., and Walker, J.C. 1965. The expression and 
inheritance of resistance to pink root in onion seedlings. Phytopathology. 55: 752 -
756. 
NJkitina, K. V. and Vakhaushera, T.E. 1975. (Fungal and bacterial disease of 
Opium poppy in Lenigrad district, Trudy PO.) Priklandoi Botanik Genetika 
Selektsie. 55: 224. 
Ohn, S.H., King, T.H. and Kommedahl, T. 1978. Evaluating peas for resistance to 
damping-off and root rot caused by Pythium ultimum. Phytopathology. 68: 1644 -
1649. 
Okey, E.N., Duncan, E.J., Sirju-Charran, G. and Sreenivasan, T.N. 1997. 
Phytophthora canker resistance in Cacao: role of peroxidase polyphenoloxidase 
and phenylalanine ammonia-lyase. J. Phytopathol. 145: 295 - 299. 
Omer, A.D., Granett, J. and Wakeman, R.J. 1999. Pathogenicity of Fusarium 
oxysporum on different vitis root stocks. J. Phytopathol. 147: 433 - 436. 
Orton, T.J., Durgan, M.E. and Hulbert, S.D. 1984. Studies on the inheritance of 
resistance to Fusarium oxysporum f. sp. apii in celery. Plant Dis. 68: 574 - 578. 
118 
Pandey, G.N. and Nigam. K.B. 1985. Performance of spraying of systemic and 
non systemic fungicide on control of powdery mildew of opium poppy. Paper 
presented at All India co-ordinated Medicinal and Aromatic plants project annual 
workshop Dec. 1985. 
Pandey, G.N. and Nigam, K.B. 1988. Evaluation of opium poppy germplasm for 
field reactions to downy and powdery mildew. Ind. J. Mycol Plant Pathol. 18: 101. 
Pant, v., Sharma, J.R and Singh, R.R. 1999. Genetic assaying of two F2 
populations of opium poppy for seed yield and other economic traits. J. Med. 
Plants. 21: 719-723. 
Pant, v., Sharma, J.R and Singh, R.R. 1999. Genetic characterization of elite 
genetic stocks of opium poppy seed yield and other economic traits. J. Med. Arom. 
Plants. 21:702-708. 
Parisi Rosa. 1921. (Notes on some parasites of medicinal and aromatic plants). 
Bull. Osto . Bot. Napoli. VI : 285 . 
Pastor-Corrales, M.A. and Abawi. G.S. 1987. Reactions of selected bean germplasm 
to infection by Fusarimn oxysporum f sp. phaseoli. Plant Dis. 70: 670 - 672. 
Pavgi, M.S. and Upadhyay. 1964. Parasitic fungi from Northn India II . 
Mycopath Mycol. appl. 24: 347. 
Pearson, S.J., Chakraborty, S., Croft, B.J.. Irwin, J.A.G. 1996. Histopathology of 
Pachymetra chaunorhiza and Pythiwn arrhenomanes. In Sugar 2000 Symposium: 
Sugarcane research towards efficient and sustainable production 153-154 ISBN 0-
643-05941-5. 
119 
Peng, M. and Kuc, J. 1992. Peroxidase- generated hydrogen peroxide as a source 
of antifungal activity in vitro and on tobacco leaf disks. Phytopathology. 82: 
696 - 699. 
Pereira, L.F., Goodwin. P.H. and Erickson, L. 2000. Peroxidase activity during 
susceptible and resistant interactions between Cassava {Manihot esculenta) and 
Xanthomonas axonopodis pv. Manihotis and Xanthomonas cassavae. J. 
Phytopathol. 148 : 575 - 577. 
Perry, D.A. 1973. Transactions of the British Mycological Society. 61: 135 - 144 
Piethiewiz, T. A. 1958. From studies on diseasesv of Oleagenous plants. Roozn. 
Nank. Rol., 78: 199. 
Piza, S.M.De T. 1993. Pathogenicity of Fusarium oxysporum f sp. phaeoli and 
reaction of bean germplasm (Phaeolus vulgaris), Summa Phytopathologica. 19: 
165-167. 
Plaats - Niterink, A.J. van der. 1981. Monograph of the genus Pythium. Studies 
in Mycology No. 21. Institute of Royal Netherlands Academy of Sciences and 
Letters. 
Poehlman, J.H. 1987. In. Breeding Field Crop 3''' ed., AVI Pub. Co. Inc., West 
Port, Connecticut. USA 
Pratt, R.G. and Mitchell, J.E. 1973. A new species of Pythium from Wisconsin 
and Florida isolated from carrots. Can. J. Bot. 51: 333 - 339. 
120 
Pringsheim, N., 1858. Beitrage zur Morphologic und Systematik der Algen.2.Dic 
saprolegnieen.Jb.wiss.Bol.l: 284 - 306. 
Ramanujam, S. and Triumalachar. D.K. 1967. Genetic variability of certain 
characters in red pepper {Capsicum annum L.) Mysore J. Agri. Sci. 1:30- 36. 
Raul de, L.D., Ribeiro and Hagedrrn, D.J. 1979. Inheritance and nature of resistance 
in beans to Fusarium oxysporum f sp. phaseoli. Phytopathology 69: 859 - 861. 
Reddy K.S., Pawar, S.E. and Bhatia, C.R. 1994. Inheritance of powdery mildew 
(Erysiphepolygoni DC) resistance in mungbean (Vigna radiata L. wilczek). Theo. 
Appl. Genet. 88: 945 - 948. 
Reddy, M.V. 1983. Rhizoctonia damping-off of chickpea in Syria. International 
Chickpea Newsletter No. 8: 21 - 22. 
Rengwaska, M.M. and Simon, P.W. 1986. Laboratory evaluation of pink root and 
Fusarium basal rot resistance in garlic. Plant Dis. 70: 670 - 672. 
Reuveni, M. 1998. Relationship between leaf age, peroxidase and B-1,3-
glucanase activity and resistance to downy mildew in grapevines J. Phytopathol. 
146 : 525 - 530. 
Reuveni, R., Shimoni, M. and Crule, I.R. 1991. An association between high 
peroxidase activity in lettuce (Lactuca sativa) and field resistance to downy 
mildew (Bremia lactuca). J. Phytopathol. 132: 312 - 318. 
121 
Reuveni, R., Shimoni. M., Karchi. Z. and Kue, J. 1992. Peroxidase activity as a 
biochemical marker for resistance of Muskmelon {Cucumis melo) to 
Pseudoperonospora cubensis. Phytopathology. 82: 749 - 753. 
Ribeiro, R., de, L.D. and Hagedom, D.J. 1979. Inheritance and nature of 
resistance in beans to Fusarium oxysporum f. sp. phaseoli. Phytopathology. 69: 
859-861. 
Saini, H.C. and Kaicker, U.S. 1982. Genetic diversity in opium poppy. Indian J. 
Genet.& Plant Breed. 47: 291-296. 
Salgado, M.O., Schwartz, H.F. and Brick, M.A. 1995. Inheritance of resistance to 
a Colorado race of Fusarium oxysporum f sp. phaseoli in commom bean. Plant Dis. 
79:279-281. 
Samyn, G., Wojdyla, A.T. 1994. Different methods for artificial in vivo 
inoculation of young bromeliads with Fusarium oxysporium f sp. Aechma in 
function of resistance breeding. In 46"' International Symposium on Crop 
Protection, Gent, Belgium. 3 May 1994. 59: 1047 - 1057. 
Sattar, A., Alam, M., Samad, A., Dhawan, O.P., Bajpai, S. and Zaim, M. 1997. 
Screening of opium poppy {Papaver somniferum) germplasm against stem rot, 
capsule rot and poppy mottle diseases. J. Med. Arom. Plants. 19: 11-13. 
Sattar, A., Samad, A., Alam, M., Zaim, M., Dhawan, O.P., Singh, S.P., Bajpai, S. 
and Lai, R.K. 1995. Screening of opium poppy {Papaver somniferum) germplasm 
for disease resistance. Curr. Res. Med. & Aromat. Plants. 17: 315 - 320. 
Sattar, A., Dhawan, O.P., Saini. S., Trivedi, M., Shahabuddin, S. and Alam, M. 
1999. CoUor rot a new disease of opium poppy, caused by Rhizoclonia solani. 
Indian J Pathol. 17:99-101. 
Savuiescu, T. 1932. (Phytosanitory Conditions in Rumania during the year 1930 -
31 ) Inst. Cere Agron .al Romaniei. Publ. 8: 31. 
Schrroter, J. 1897. Pythiaceae - Engler & PrantI, nat. Pfl Fam. 1: 104-105. 
Scott, J.W. and Jones, J.P. 1989. Monogenic resistance in tomato to Fusarium 
oxysporum f sp. Lycopersici race 3. Euphytica. 40: 4 9 - 5 3 . 
Sealy, R.L., Kenerley, CM. and McWilliams, E.L. 1988. Evaluations of 
Amaranthm accessions for resistance to damping-off by Pythium myriotylum. 
Plant Dis. 72: 985 - 989. 
Sehgal, S.P., Gupta, P.J. and Agarwala, J.M. 1971. Capsule rot of opium poppy 
(Papaver somniferum L .) Rajasthan J. Agric. Sci. 2: 61. 
Shannon, L.M., Kay, E. and Lew, J.Y. 1966, Peroxidase isozymes from hreradish 
roots. Isolation and physical properties . J. Biol. Chem. 241: 2166-2172. 
Shao, F.M., Elliot, E.S. and Young, R.J. 1980. A rapid method of screening for 
resistance to Rhizoctonia root rot in snap beans. Phytopathology. 70: 692 - 693. 
Sharma, J.R. and Singh, O.P. 1983. Genetics and genetic improvement. In: The 
opium poppy (ed. Husain A. and Sharma J. R). Central Institute of Medicinal and 
Aromatic Plants. Lucknow (India) pp. 39 - 68. 
123 
Sharma, J.R., Lai, R.K., Singh, S.P. and Mishra, H.O. 1991. Duplicative gene 
control of leaf incision in opium poppy (Papaver somniferum L.). J. Heredity. 82: 
174-175. 
Sharma, J.R., Mishra, H.O., Lai, R.K. and Srivastava, R.K. 1992. Intraspecific 
differentiation in Indian opium poppy P. somniferum L. Proc. Indian Natn. Sci. 
Acad. B58 (2/3): 147-152. 
Shtayeh, M.S.A., Abu-Gghdaib, S.I. 1994. Root and crown rot of figs in the West 
Bank of Jordan. Pthytopathol. Mediterr. 33: 36 - 40. 
Shukla, S. 1992. Genetics of seed yield and its contributing traits in opium poppy 
{Papaver somniferum L.) Proc. Natn. Acad. Sci.. India. 62(B)II: 213-217. 
Shukla, S. and Khanna, K.R. 1987. Genetic association in opium poppy. Ind. J. 
AgricSci.57: 147-151. 
Shukla, S. and Khanna, K.R. 1995. A study of gene action for opium yield and 
morphine content in P. somniferum L. Indian J. Ag. Res. 29: 115 - 120. 
Simons, T.J. and Ross, A.F. 1970. Enhanced peroxidase activity associated with 
induction of resistance to tobacco mosaic virus in hypersenstive tobacco. 
Phytopathology. 60: 383 - 384. 
Singh, H.P., Singh, S.P., Singh, A.K. and Patra. N.K. 2000. Inheritance of opium 
and seed yield determining trails in opium poppy Papaver somniferum. In 
proceedings of the National Seminar on the frontiers of research and development 
in Medicinal plants. (September 16 - 18. 2000). JAMAPS. 22/ 4A and 23/lA: 
294 - 296. 
124 
Singh, S.P. and Khanna. K.R. 1991. Heterosis in opium poppy {Papaver 
somniferum L.). Narendra Deva J. Agric. Res. 6: 88-92. 
Singh, S.P., Khanna,K.R., Dixit, B.S. and Srivastava, S.N. 1990. Fatty acid 
composition of Opium poppy {Papaver somniferum) seed oil. Ind. J. Agri. Sci. 60: 
358-359. 
Singh, S.P., Shukla, S. and Khanna, K.R. 1995. Opium poppy. In: Adv. In 
Horticulture, Medicinal and Aromatic Plants. Vol. 11, Eds.: Chadha KL and Gupta 
R. Malhotra Pub. New Delhi, India, 535 - 574. 
Singh, U.P. and Khanna, K.R. 1975. Hctrosis and combining ability in opium 
poppy. Indian J Genet. 35: 8 - 11. 
Sivaramakrishnan, S. and Seetharama, N. 2001. Identification and isolation of 
disease resistance genes in crop plants. J. Plant Biol. 28: 25 - 3 8 . 
Smith, CD., Boswell, T.E., Grichar, W.J., Samson, C.E. 1989. Reaction of select 
peanut {Arachis hypgaea) lines to southern stem rot and Pythium pod rot under 
varied disease pressure. Peanut Sci. 16: 9 - 14. 
Spencer, J.A., Cooper, W.A. 1967. Pathogenesis of cotton {Gossypiiim hirsutum) 
by Pythium species: Zoospores and mycelium attraction and infectivity. 
Phytopathology. 57: 1332 - 1338. 
Spielmeyer, W., Lagudah, E.S., Mendham, N. and Green, A.G. 1998. Inheritance 
of resistance to flaxwilt (Fusarium oysporum f sp. lini Schlecht) in a doubled 
haploid population oCLinum usitatissimum I,. Fuphytica. 101: 287 - 291. 
125 
Stasz, T.E. and Harman, G.E. 1980. Interactions of Pythium ultimum with 
germinating resistant or susceptible pea seeds. Phytopathology. 70: 27-31. 
Stephens, C.T. and Powell, C.C. 1982. Pythium species causing damping-off of 
seedlings bedding plants in Ohio greenhouses. Plant Dis. 66: 731 - 733. 
Stephens, P.A., Nickell, CD. and Kolb, F.L. 1993. Genetic analysis of resistance 
to Fusarium solani in soyabean . Crop Sci. 33: 929-930. 
Stephens, P.A., Nickell, CD., Moots, CK. and Lim, S.M. 1993. Relationship 
between field and greenhouse reactions of soybean to Fusarium solani. Plant Dis. 
77: 163 - 166. 
Tetenyi, P. 1997. Opium poppy {Papaver somniferum ). Botant and Horticulture . 
In : Horticultural reviews (Eds . Jules and Jainic ).19: 373 - 408. 
Thomison, P.R., Thomas, CA., Kenworthy, W.J. 1993. Differential root 
resistance to Phytophthora megasperma f sp. glycinea races in four soyabean 
{Glycine max (L.) Merr.) varieties. Plant var & seeds. 6: 93 - 96. 
Trapero-Casas, A., Kaiser, W.J., Ingram, D.M. 1990. Control of Pythium seed rot 
preemergence damping-off of chickpea in the U.S. Pacific Northwest and Spain. 
Plant Dis. 74: 563 - 569. 
Tripathi, N.N. and Grover, R.K. 1978. Participation of root exudates of 
susceptible and resistant plants in pathogenesis of disease caused by Pythium 
butleri. Z Pfl Krankh. PfiSchutz 85: 15 - 21. 
126 
Turkoglu, T. 1979. Mosaic virus of opium poppy in Turkey. J. Tugk. Phytopath. 
8:77. 
Upadhyaya, H.D., Smithson, J.B., Haware, M.P. and Kumar, J. 1983. Resistance 
ton wilt in chickpea 11. Further evidence for two genes for resistance to race 1. 
Euphytica.32:749-755. 
Vander Meer, J.H.H. 1925. Verticillium wilt of herbaceous and woody plants 
.Meded Landbouw hoogescool, Wageningcn (Holland) XXVII1 : 82 . 
Veselovskaya, M.A. 1976. The Poppy Amerind Pub. Co. New York.P. 200. 
Villineuve, F., Bosc, J.P., Rouxel, F., Breton, D. 1997. Intra and inter specific 
variability of Pythium and possibility of varietal resistance improvement in carrot. 
J. Appl. Genet. 38A: 71-80 . 
Wagner, H., Bladt, S. and Zgainski, E.M. 1984. In : Plant drug Analysis. A thin 
layer chromatography Atlas. P.780 Springer Verlag, Berlin. 
Wang, G. 2000 .On the factors influencing the occurrence of Pythium disease of 
cool-season grasses . Acta Agriculturae Zhejiangensis. 12: 136-139. 
Webber, C.R. and Moorthy, B.R. 1952. Heritable and non- heritable relationship 
and variability of oil content and agronomic characters in F2 generation of soybean 
crosses. Agron. J. 44: 202-209. 
Wutoh, J.G., Thombong, J.T., Mcbokja, M.M.. Nzcitchueng, S. 1994. Field 
evaluation of cocoyam {Xcmthosoma Sd^itfifolinni (L) .Schotl) for tt)lcrance to root 
127 
rot disease caused by Pythium mynotylum .Acta Horticulturae. No. 380, 462 - 466 
ISBN 978-094-4. 
York, D.W., Dickson, M.H. and Abavvi, G.S. 1977. Inhcrtance of resistance to 
seed decay and pre-emergance damping-off in snap beans caused by Pythium 
ultimum. Plant Dis. Rep. 61: 285 - 289. 
Zaim, M. 1989. A new severe mosaic disease of Opium poppy. Current Sci. 58: 
1095-10 96 
Zaman, K.B. and Khan. A.S. 1969. Studies on some disease of Papaver 
somniferum Linn . Pak. J. For. 19: 185. 
Zamski, E., Peretz, I. 1996. Cavity spot of carrot: II. Cellwall-degrading enzyme 
secreted by Pythium and pathogen related protiens produced by the root cells. Ann. 
Appl. Biol. 128: 195-207. 
Zink, F.W. and Gubler, W.D. 1985. Inheritance of resistance in muskmelon to 
Fusarium wilt. J. Am. Soc. Hortic. Sci. 110: 600 - 604. 
2^gg, H. 1945. Contribution to the knowledge of plant defense reactions: The 
influence of the temperature on the development of the gummous demarcation 
zone 0 . Ber. Schweiz . Bot. Ges . iv : 507 . 
